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Any thesis' ori a s'ubject like the thyroid gland may be 
treated in one of three ways. ·rt may be a·detailed account of a 
singie phas~ of the main tbpic, or a very generaliz~~ descrip~ 
tion of 'the entire 'subject. with little space devoted to details, 
or it may be a combination of both these procedures. This thesis 
is of the last type, wi tli several variations~: :It is the purpose 
of this thesis to give· ·a general description of the morphology 
of the thyroid gland and· t·o· describe some of the aspects of its 
physiology. 
General description~: his.tology, comparative·'anatomy, bio-
chemistry and embryology (including the ultimobranchial body} 
are dealt with in the ·first part of the paper. The 'subject' m~t..: ... 
ter fs not confined to a study of man but inciudes most of' the 
phyla of the vertebrate scale and some of the ·in-vertebrates~ ·· <' ' 
The 'latter half of the thesis involves many physiological 
points but ·these .are treated in as simple a manner as possible. 
These are· riffered with the intention of iorganizi~g our general 
knowledge of. the gland. The section on physiology is not meant· 
to be complete·· or inclusive on any point. Because of the !'sola-
tion, abundance-and ·inaccessibility of the materiai necessary 
to make such a paper: complete in all respect~, the subject mat-
ter offered is not to be interpreted as such,- but rather as a 
conglomeration and rearranging of the material that has been 
available to me. 
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For this.~ea~on. I have deemed ·it advisable ·to· 11· ca. ·one .. :t· 
~ section- "The·· Various ·F~ctora and Conditions·· Affecting· the Thy-
roid." Such a title enhances.what little unity of,subject matter 
exists, and furthermore offers me' an opportunity' to close·the 
section devote'd. 'to' physiology with a des'cription of- a subject 
which is in contrast with the ab'ove; namely,- "Effects of Thyroid 
Secretion." 
· Since ·the material presented·~ for the ·most part, deals with 
the ~o.rk. or' m~ny unassociated investi'gators ,: ;it . is difficult ·to. 
' 
' 
present any general conclusions or to present many valid ones 
of my own·. To do ··.the latter involves much inference and where I 
have stated any conclusions it' should be born'e in mind· that they 
' are secondary,- i.e.- formed ·from the work and ideas of others. 
There ia, in several places,. overlapping of the material but be-
cause of the great intricacy of some of'tlie work, this'has been 
unavoidable, and whe're one" topic' is included ··with companion work 
under -~nother heading this .. should be realized~ : ' 
The historical aspects or the vartous·phases of thyroid 
study, although very in'teres.tlng, are in many casef'r· involved or 
. even 'iioubtful. nevertheless I have· tried to give'· some histori-
cal background for the morphological studies. 'It ·is fitting at 
the start to' give s'ome historical. introduction· for the' purpose 
of provi'ding' 'a 1ogic'ai and comprehensible beginning for this 
thesis.- ': > '· ' 
Historical- "Uow the neck has t\vo glands in which ·moisture 
is generated. But ·from these two glands \'1hich are· in the neck 
vii 
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there come forth no.vessels by which·the·moisture may flow out, 
~ as do. those frc;>m t.he glands of .·.the tongue. n This;· according ·to 
~orgagni, in. :hi~- 'Adversio anatomica omnia '-1718- ,· is an excerpt 
from the I>e.v~ce of ~he grea:t Greek physician Galen (130-200 A.D.). 
Vesalius (1~1.4-1564) , .. the great anatomist and physician of •the 
I 
:Uiddle Ages, also described the. thyroid ;gl~nd in his Fabrica 
I 
which first app.eared in 1543 •. Bartholomaeus Eustachius (1520-
1575) . called the thyroid the 'glandula /larynges.' and applied the 
name isthmus to. the part connecting thb two .lobes (Rolleston -
1936). I 
I 
Paracelsus, early in .. the seventeenth century pointed out 
i 
the connection between cretinism of· ~he .offspring and ·.go1 ter of 
the parents. Also goiter treatment Jith the.-use of.salt water· 
. . ' I . 
. I . 
weeds. (which contain iodine) _had bebn. known· from the earliest 
I 
tii!leo. Ho~ever, this material was. ~cattered and unassociated' 
! 
with the thyroid_gland, aawas .. muc.h other .. information. In the. 
year 1656 .real beginnings were made ·in ;the successful study of 
~ ' . 
the thyroid gland •. In that. year appeared the .Adenographia of ·. · 
Thomas 'llharton and the importance of .this .work in the history ·• 
of anatomy can hardly be overemphasized. Wharton inci:uded .. in 
his writing a good account.: of tp.e anatomy of ·the t'hyroid and 
. ' 
from the Greek word,-64fE-o!,. which m·eans shield, he introduced 
the name thyroid. Besides commenting on the great vascularity 
of the gland he proposed four functions for the organ : 1) to 
take up superfluous moisture from the recurrent nerve; 2) to 
"cherish" the cartilages; 3j to lubricate the larynx and render 
----------------....... ,.-.,=•,•r•re•er•-•wa·~~~·•11JM~· ........ ~WII~~•mr.-w•m•r•·=•,•r•m•re•-•m•--.•,•·,=n.-mmz.-.-------~~·~ 
'l . 
the voice sweeter; 4)' to contribute to· the beauty and contour 
of the neck. The third function is the one favored by Galen, . 
. ; ' 
and like most· of his other' theories, long remained in vogue.-
(Vincent-1922; K~rley-1936). 
I 
However, the first clearly to stat~ the function of the 
, •, , 
1 
' 1 1/. I , , 
secretions of the ductless glands was Theophila· de Bordeu ( 1722.:;. . 
' ,; ' '. ·.· ; '. i . ' : 
1775) of Bearn~ and physician at the' court of Louis XV of France. 
',. 
The year Bordeu died,' 1776, a man named Haller, dioregarding the 
; 
; 
question of a duct, grouped together the thymus, thyroid and : ·::. 
,· 
spleen as glands without ducts which pour a special fluid into 
' general 'cil.~culation. tho veins and so into the 
I 
I 
In the year 1844 Simon advanced an interesting theory con-
; j ' 
cerning thyroid functioning which has' recently been revived by 
v. Cyon. It was Simons.' 6onte~ticn1. ':1that ·the thyroid exercises ·· 
a regulatory effect on the blood sttpply' to the brain, exerting.·· 
also its secretory funct'io~ in an 'alternating manner with the 
subst.Oance of the brain (Vincent-,1922) •· 
'. l 
The historical' work on the phYsiology of the thyroid gland, 
' . 
especially the experimental aspects, resulted in great confusion 
beco.use for many.years the parathyroid glands were extirpated 
with the thyroid, resulting in inco·rrect conclusions. and 
theories. 
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General Description.;. As has already·been pointed out the 
thyroid gland is found in the neck region~ It. is ·a ·reddish-brown 
or yellow,, lobulated structure which is divisibl.e i~to right and 
left lateral. lobes. These are joined together in the median line 
by an isthmus. In ma'ny cases the· isthruus inay be absent, but even 
when it is present it is often difficult to palpate owing to fi-
brosis (Cowdry-1922). The two lobes lie lateral to the superior' 
part of the trachea, and the' inferior part of the larynx~ 1'he 
isthmus when present crosses anterior to the trachea at the le-
vel of the second to fourth tracheal cartilages. According to 
one investigator the weight of the human ·gl.and varies from one 
to two ounces, (Harrow..:l922.). · . .f .. ,J 
The right lobe is· often a little larger. th~·n the· left, the 
average length being about six centimeters. ··very often· a pyra-
midal process extends cephalad from the isthmus, usually on the 
left side, and it may even reach as ra·r as the foramen. caecum at 
the base of the tongue. It con.sists of typical thyroid tissu-e. 
Accessory thyroids, their origin and distribution, will be dis-
cussed in the ·section devoted to· the embryology of the thyroid. 
A concise though accurate·description of the thyroid has 
' '• 
been given by one author~ ••• "The thyroid is an extremely labile 
gland and varies in size and. structure in response to a large 
number of factors, among which· are sex,' mitrition, the light 
spectra, age, season, ~nd th~ iodine content of the'food, the 
latter bei·ng of great importance~'' (Elwyn and Strong-1932). The 
various points just mentioned will be taken up as the paper pro-
\ 
~ 
' l 
1:J 
I 
) 
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ceeds, . and before continuing it might 'Qe .. well to mention a prob-
, ,j -· ' ' 
(~ lem which has received but little attention and.has been studied 
very rarely,- namely, the_relation of hereditary factors to the 
. ' ' . . ., . 
thyroid gland. Findings such as the .following certainly _indicate 
that such a relationship does exist, even though environmental 
factors are often confused_with heredity. A.number of-male pigs 
of the same farrow exhibited a tendency :to have thyroids.of about 
.~ ' '' I ' ' I ' 
the same size. Pigs from different .farrows, o~ the other hand, 
had thyroid glands _which differed mar.kedly from one another in 
this respect •. (:Baker-1927) .• 
The ventr,al s~rfaoe of the gland. is covered by the infra- · 
hyoid muscles, the .cervical fascia and the. skin. :Among its dor-. 
'. .. ' ' 
sal relations are. the cricoid cartilage, esophagus and pharynx,_· ... 
the common carotid arteries, vagus, nerves, and the structures 
that have already been mentioned. 
The bloo~ supply of the gland is very rich, and enters at 
the apex of each lateral lobe through the superior thyroid ar-
teries 'Nhich are branches of the external carotids. Numerous .. 
branches are giyen off which ramify over the ventral and medial· 
surfaces and_penetrate.into the substance of the. gland. They ·· 
sometimes unite at the isthmus~ On the lateral surfaces of .the 
gland are the inferior thyroid arteries .which ,are the same size 
( I or larger than the superior. They spring .from the subclavians, · · 
and may often anastomose with branche_s from the superior artery 
~· . . ' . 
of the same side, but these are always on the surface of the or-
2 
-------------------.-.n .. .-r•m•;z•s•ae•n•~~··~a• ........... t~·••~.-.-.--. ............ ----------~~ .. 
gan. Blood is .removed from the gland through many veins which 
·~ form a dense plexus beneath the capsule. Another blood vessel 
which is occasionally·. present. is .the thyroidea ima artery (Cow-
dry-1922). Thts arises from .the arch of the·aorta and runs to 
the isthmus •. 
. .. ' : 
The lympha~ic system. is intimately connected with the thy-
roid gland. The lymphatics arise.in•networks about the follicles 
and run. along .with. the connect! ve tissue septa to the surface ... 
where they form a rich subcapsular plexus. 'rhe main drainage is· 
to the deep cervical lymph ~lands, but it may.also pass in any 
direction,- cephalad to the prelaryngeal nodes, or caudad to· the 
pretracheal one •. This description pertains to the thyroid in man. 
Jlajor has described -the passing of.a lymphatic .trunk 4irectly in-
to the subclavian vein. He-.found. this situation in dogs,. but there 
is no evidence to suggest ·whether· s.uch a oondi tion exists in man 
or not.l,. 
!lerves. from _the .sympathetic system as well as .the vagus· .. 
nerves supply the thyroid gland, the former being the greater 
source of thyroid nerve supply, .Of some clinical but. greater sur-
gical importance is the close relationship existing between the 
recurrent laryngeal nerve .and the thyroid gl.and (Kennedy). Des- . 
criptions like·the above are quite oommonly.used, but more detailed 
{ information on. thi_~ subject has been made possible by some care-
.. ---------------~---------~~----
1 •. cf. Cowdry- 192ij (41). 
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I 
ful experimental' work done by Nonidez • 
· One of his studies on the origin and course of the thyroid 
nerves yielded ~b~ following results.- In the dogs he studied, 
the thyroid gland received n~rve fibres deri~ed from the superior 
cervical gangllon (the sympathetic component), and from the su-
perior laryngeal nerve. The two components of the thyroid nerve 
usually merged: into a single trunk, the path of which· is quite 
variable. In some cases it is an independent bundle that passes 
dowm1ard and· branches among the rami glr~ndulares of the superior 
thyroid artery; in others it may fuse with one of the nerve 
,, 
bundles of the plex~s ·.of the c.ommon carotid, separat.ing from the 
latter at the level· of the superior thyroid artery. !'Tone'· o'f the 
embryos or puppi'es· examined revealed any direct branches from the 
fecurrent nerve. Fibres ~rising from the' middle ·and inferior 6er-
vical ganglia may reach the thyroid through the vascular plexuses 
since no direct branch~s ~~re not~d {Nonidez-193la). 
still more detailed study of.the nervous structure of the 
thyroid revealed that •• '"the larger nerve trunks carrJ thick 
and medium-sized myelinated fibres in addition to the unmyelin-
ated. The branches of these trunk's form a plexus around the ar-
teries and in many cases fibres pass from branch to branch with-
' ' 
out entering the trunks~ oft~n running in the opposite directions." 
Honidez further found that : :-.. ·· 
1- "The presence of trtEganglia in some thyroids.has been 
confirmed in a study.of new material, but the neurones scattered 
in the parenchyma are regarded as sensory ganglion cells migrated 
---------------------.-.a.•r•·m~--.u~~ww~··~'J•w. ........ u•tt~u•rn•~•--•==·r.-•n•=•,•=•· .-.-.--.----------~~ 
,. 
( 
.. 
from the gnnglio~nodosum of the vagus along the superior laryn-
,, . ·. 
·.·'.;: 
geal nerve. 
. . '·' 2- In the arterial walls there are, besides sympathetic 
postganglionics, a.rb,oriz~tiona·· which are. r~garded as sensory 
since they do not end in contact with the ~mooth-muscle fibre~: 
.. 
~ ,, . '. .. . 
~. ., 
of the media and may be restricted to a se~nent .of the arterial 
wall. They are, in all probability, the peripheral prolongations 
.. ' ' ' ' . ' ' I 
of neurones of the ganglion nodosam of ·the vagus.· 
.. ~ ,; : 
3- The interfollicul~~ plexus ~onsisis f~~ t~e ~oat part of 
. ' . ·. •:, ' . . .:; ' 
fibres which leave the vascular plexus to rej oiri 'this plexu·a· in 
. ,.,. '~·-·. 
branches of the same artery or other arteries·· in · th~ vicini-ty,·-. 
:·. (: '~! . ' ' -~ ' "• (. . . • . ~ 
and of fibres ending freely among the follicles~ Ter~inations on 
1 :· 
the follicular cells are'"absent, and most of the cells of the,, 
·,._. 
follicles are not even in contact-wit~ the ~~rve fib~~s of the 
plexus. 
4- The club-shaped endings (of the nerves) described by Po-
pow are interpreted as scattered ganglion cells or their pro-
. ceases, not as terminations of a sensory nat~re.''_.._.(Nonidez~l935). 
It was ~oncluded, by the same investigator,· that the blood 
supply to the thyroid is under close control of the nervous sys-
tem whic~ ~a; or.may not,lndirectly'influehc~ the rate of aecre-
" ... , ' \ 
tion and of removal of hormone produced by the gland;, ·· 
, .. ~be Chemistry of the Thyroid- B~umann in 1895'made an aus-
picious start in this field by sho\':ing · tmi't the thyroid gland 
·, 
contained iodine in organic combi~ation. in 190i Oswald isolated 
J, 4'. 
two substances from the thyroid which he be'lieved to be the ac-
rr ----~---------------. .. .--..-.. ~~-........ .._*l•••=na.·•rn-..-•r•r•,_._._. ... __________ ~-~ 
' I 
tive-principles·of the gland. Both.of these. he -found in the col~ 
. . 
- loid, ·and one,•..;.' thyroglobulin,. is present to the .. amount of 
·. (,t 
severai grams and usually increases as the ·.colloid increases. Io-
dine may be present in this substance,. and .when .it is, the name 
iodothyroglobulin is used; five percent is the average amount of 
iodine in this· substance. The .other substance ·ia_nuoleoprotein 
which is rich.in phosphorus·but contains no iodine (Sloan-1936)• 
Others have since shown that this iodine .contai~ing substance 
(or substances)· regulates .the specific action: of the gland and 
is responsible for its therapeutic values. However; Kendall _·in 
1915 isolated from the thyroid a. crystalline· substance containing 
·sixty percent iodine,. which was not proteid in nature. He named 
this substance thyro-oxy-indol in order to·emphasize the presence 
of the oxy-indol nucleus. ·The·name·was shortened to.tbyroxin(e) 
and in 1918 Kendall synthetically prepared· it _and found the.· · · 
structural formula to be .as· shown in Figure .la ... :Further · inves- · 
tigations led to the .. belief ·that the a truoture of ·.this· compound. 
in the body had a different f?rmula:•· 4,5,6 .tri-hydro, 4,5.,6 .. tri-
ode, 2 oxy-beta indolepropionic acid( the ... indole ·:ring having 
opened) (Figure lb). 
It has since been :shown however that thyroxfne is a. deri- '-: 
vative of tyrosine and that its ·empirical formula is Ci5Hi104NI4 • 
O< The structural formula is ·seen in Figure lo.; This discovery was , 
made by Harington(l926),.and he also.found that the fresh thy-·· 
raid gland contained approximately .02?%; the dried gland about .. 
• 12~!, of thyroxine •. Further ;chemical studies proved fertile in 
6 
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! 
demonstrating the racemic nature of natural and synthetic thyro-
xin, and showed that the levorotat.ory form is much more active 
than the dextrorotatory (Harington and Salter-1930}. Much work 
in this line is still going on but·such topics are technical 
'' 
chemical problems .and not within the realm of this thesis. 
Iodine, though it constitutes 60-65% of thyroxine, is not 
its only active agent. The difference in physiological action of 
thyroxin and iodine suggests that there must be, in the thyroxin, 
other secretory product or products which complement the iodine. 
This unknown substance may be pictured as the active principle 
contained in the thyroxin molecule that differentiates thyroxin 
from iodine. The name "Thyrom" has been given this' substance.-
(Sloan-1936). 
Of all the elements known sixteen have been reported present 
in the thyroid gland. They are: carbon, hydrogen, oxygen, nitro-
gen, sulphur, phosphorus, sodium, potassium, calcium, magnesium, 
silicon, arsenic,fluorine, chlorine, bromine and iodine. However 
there does·not appear to be any record of analyses of the first 
three of these in whole thyroid tissue (Cameron-1922). 
Water is one of the chemical compounds present in normal 
thyroid tissue. The ratio of weight of fresh to dry tissue varies 
between the limits of 3:1 and 6:1 {66% to 85% of water). The 
f ""';. variations appear to depend somewhat on· species and to a greater 
extent upon age. Sex does not appear to exercise an appreciable 
influence, but castration will lower the water content. The fol-
lowing percentage figures for cattle illustrate the effect of 
? 
' r 
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-Figure one-
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age:- three mo.nths fetus- 84.1%; 7;..8 months fetuses- ,82.3%; 6-8 
week calves- 74.3%; adults- 72.6% of water. Figure Two gives·a 
statistical report of some of these conclusions, and is also ex-
cellent for comparative anatomy studies of the thyroid gland. 
Comparative Anatomy- The thyroid in its first appearance is 
a constant structure from the selachians to the mammals. The larva 
of Petromyzon, one of the cyclostomes, gives us a glimpse of its 
past.history, for in this animal for a time it appears as a 
trough lined with cilia·and in open communication with the pha..: 
rynx. In this condition it corresponds close~y to the endostyle 
'or amphioxus, an organ which furthers the passage of food down 
the pharynx by furnishing a slimy secretion and by furnishing a 
ciliated track along which the food may be propelled (Wilder-1923). 
The consensus of opinion regarding its homology· with the endo-
style of tunicates and amphioxus, is that the connection between 
the two is uncertain·(cowdry-1922) •. 0ne bit of.evidence which 
tends to make us believe there is no connection between the endo-
style organs of invertebrates and the thyroid of vertebrates is 
the fact that the feeding of the endostyle of Ciona intestinalis 
to tadpoles will_in no way accelerate metamorphosis. If the endo-
style were thyroid-like in homology or behavior, it should have 
some effect on amphibian metamorphosis (Spaul-192?). 
'rne primitive connection '!i th the pharynx, the ductus thy;. 
reoglossus, is main~ained through the ammocete stage of the de-
~elopment of the lamprey. This is lost as we go up the animal 
scale. 
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According to Gaskell the thyroid gland was once a sex gland 
pure and simple (UcCa.rrison-1918; 13erma.n-l925). The accumulation 
of morphological evidence points to the thyroid apparatus as 
once intricately associated with the digestive and reproductive 
systems. This view is enhanced by the fact that, in man where it 
is most highly developed, the tlzyroid still retains its fundamen-
tal function of profoundly influencing nutrition, growth and re-
production,. and is itself profoundly influenced by disorders of 
the alimentary tract and the genitalia. 
In most fishes it consists of very small groups of follicles 
' . 
scattered along the aorta in the ventral region and out a little 
way along the gills. One study on the swordfish, for example, 
showed the thyroid to be composed for the moat part of four fairly 
well-defined masses which were separated by thin connective tis-
sue septa, continuous with the peripheral connective tissue. The 
dimensions of the gland proved to be (after preservation) forty 
n1illimeters in the sagittal direction and thirty-five millimeters 
in its widest transverse part. The specimen was a medium-sized 
swordfish that weighed three hundred and thirty pounds after the 
head, tail and viscera had been removed (Addison and Richter-
1932). An examination of twenty-nine species of Teleosts revealed 
great variations in compactness of tissues, ranging from a com-
plete dispersion of the follicles to a rather compact union of 
them (Gudernatsch-1911). A chemical analysis of the dogfish thy-
roid showed thnt tl1e iodine content of that organ was higher than 
:'· 
that of any ma$malian thyroid that had been studied (Cameron 
·;~ 
ll 
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1913). An interesting investigation on the thyroid gland of the 
brook trout brought out that under certain conditions hyperplasia 
of the gland occurs. However, iodine stopped the hyperplasia and 
caused the gland to return to the colloid or resting state (Ma-
rine and Lenhart-1911). These scrubby patches offish thyroids 
are little larger than pinheads but in amphibians, reptiles and 
birds they become more condensed and begin to migrate cephalad. 
The exact location of the thyroid gland for most amphibia, and 
more particularly the salamander Tr~turus torosus, is lateral to 
the geniohyoid muscles and just at the anterior borders of the 
scapulas (Taylor-1936). The size of the thyroids in these animals 
is still quite small however. 
The arrangement in birds is usually quite different from 
. -
that in other animals. Here the thyroid apparatus consists of 
two separate glands situated on either side at the posterior end 
of the trachea, each lying on the ventral side of the carotid 
where it touches the jugular vein, near the origin of the verte-
bral artery. Each gland is small and oval and they are widely 
spaced from each other. (Rowlands-1935}. In many oases the left 
gland is heavier than the right one but one study with ducks 
failed to reveal such a difference (Schockaert-1932). 
The bi-lobed condition of the thyroid gland in man is cha-
racteristic of mammals in general. The iodine content of the mam-
malian thyroid has been found to vary. Kummer states that • • • • • 
"The iodine content depends on the species of animal. The herbi-
vora show a maximum, the carnivora a minimum, and the omnivora 
12 
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an average amount of iodine."-(quoted from Cowdry-1922). 1'he a-
7 mount of iodine contained in the thyroid gland is also related to 
the age of the animal. According to l!onery, the maximum iodine 
content for humanthyroids occurs during the period from forty to 
sixty years of age, an increase between fifteen and forty, a de-
crease after sixty (Cameron-1922). 
The structure and functions of the mc:unmalian thyroid have. 
been studied extensively, and a great part of the thesis will 
deal with the thyroids of different ~nmmals. Some of the weight 
differences between mammalian thyroids can be seen in Figure Two. 
1 
Information on the comparative function of the thyroid is 
still wanting however, and the condition is well summarized by 
Cowdry. He says ••• "The chemical analyses, together with the dif-
ferences in susceptibility of different animals to thyroid and 
parathyroid extirpation, lead one to believe that the glands are 
specifically adapted to meet the particular needs of different 
groups of animals. An extension of the statistical methods, which 
are bringing out such interesting points in normal development, 
to the phylogenetic series in tne investigation of all the endo-
crine organs is greatly needed." 
13 
·HISTOLOGY-
Any study of the histology of the thyroid gland which at-
tempts to be complete, necessarily involves great detail and com-
plicated investigations. Jauch is still unsettled, and I can only 
hope to give a comprehensive picture of the known facts and views, 
which picture is based on many isolated facts and experiments. 
Historically much has been done and according to Boechat-
1873,- Lalouette in 1750 was the first to describe the minute 
structure of the thyroid gland. He found vesicles which seemed 
to be in communication with each other. Jones in 1836 described 
the thyroid 'follicles in great detail as completely closed 
vesicles. Although there has been much disagreement concerning 
the adult thyroid, roanr of the later observers have agreed with 
~ones in describing the follicles as closed spherical bodies. 
Bnrdeleben in 1841 also described the adult thyroid follicles as 
isolated structures. There have also been investigators who have 
agreed with Lalouette in describing the follicles na forming a 
system of branched and communicating cavities within the gland. 
Among these ~re Cruveilhier-1843, Virchow-1863, Boechat-1873• 
Zeiss-187? and Hi tzig-1894. :Lore recently the idea has been ad-
vanced that both branching forms and isolated vcoicles occur in 
the adult thyroid gland. Streiff in 1897 was one of the experi-
menters who adhered to this view. {~orris-1916). 
The thyroid Gland is enclosed by a connective tisaue aheath 
which io formed by the deep cervical fascia. This external sheath 
covers a delicate layer of connective tissue which is the true 
-
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capsule of the gland. Trabeculae and septa penetrate the gland 
substance and divide it into irregular lobes and lobules. 
The structural unit of the thyroid is the follicle, and it 
is often referred to as the acinus or vesicle (all of these being 
used interchangeably throughout the thesis). The follicle is not 
visible macroscopically except in ca~es of colloid goiter, and 
its general shape varies considerably, being spherical, oval,.tu-
bular or highly irregular. The follicles are separated by a re-
ticular connective tissue and by broader pseudosepta of dense 
collagenous tissue. A single layer of epithelium without the 
interposition of a b~ent membrane constitutes the follicular 
wall, and in this way the blood, lymph and nerve supplies are 
brought into close contact with the thyroid epitheli~.l 
Views concerning the presence of follicles in the isthmus 
appear to be divided. Sobotta in his study claimed that he found 
no follicles whatsoever in the isthmus. However, Jackson in his 
study on inanition of the thyroid gland of the rat maintained 
that the isthmus always contained thyroid follicles, although 
they may become scattered or atrophied in the adult(Jackson-19.16). 
Under normal conditions the cavity of the follicle is nearly 
filled with a semi-fluid homogeneous substance known as the col-
loid. In the fresh state the colloid is quite clear, but when 
fixed it stains deeply and evenly with acid dyes. With Mallory's 
-~~---~~-~---~--~~------~--~--
1. References and names in this section (where not otherwise 
specified) have been obtained from Elwyn and Strong-1932 (50). 
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connective tissue stain part of ~he colloid stains blue, and 
parts pink. In fixed preparation~ the colloid is usually not in 
contact with the epithelium and .shows fine tongue-like processes 
at its periphery (Elwyn and Strong-1932). According to other 
authors (Maximow and Bloom-1930), the colloid is often separated 
from the eipthelium by vacuoles of varying sizes. The consensus 
of opinion is that this is a ~esult of the fixation process,and 
it is claimed by some that these vacuoles contain a liquid se-
cretion which is remoTed during the histologic preparation of 
the section. Small vesicles,are quite commonly found within the 
colloid, but these often vary somewhat with the fixing fluid. 
Although fat is present in the colloid, it is usually in the 
form of fine droplets or granules so that the spaces left when 
it is dissolved out by the reagents used in technique would ac-
count for but few of these vacuoles (Elwyn and strong-1932).EYi-
dence has been advanced that some of these are formed by an un-
stainable secretion whi/h arises from the contents of small un-
stainable vesicles pre~ent in the epithelium. 
I 
The follicle cel~s, although they vary in height are usu-
ally cuboidal or low folumnar. When a follicle is distended with 
colloid the cells be4ome flattened, but in hypertrophy, the op-
posite condition is fresent, that is they are tall columnar. 
~ The nuclei and;walls of the cells of the thyroid epithe-
\ 
lium are quite distfnct. Uitochondria are quite numerous in the 
basal parts of the(cells, and though they are structures common 
I 
to all kind9 of cefls, in all stages of development, in all spe-
cies of animals arid plants thus far studied, their functions 
! 
I 
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are still confused and oscure. In conditions of colloid goiter 
with. hyperthyroid symptoms the thyroid cells have been examined 
and the number of mitochondria was found to be markedly increased. 
In goiter cases without hyperthyroid symptoms the number of mito-
chondria is reduced. The Golgi ~odiea are usually found next to 
the nuclei and between them and the lumen of the follicle. In 
rare cases the Golgi bodies hav~ been reported in the basal parts 
of the cells. One theory which developed as a result of such 
studies adhered to the belief that the positions of these bodies 
are correlated with the direction in which the cells are secre-
ting (into the follicles or into the capillaries). This has been 
definitely disproved but the function of these bodies is still 
vague; Nassonoff, quite receutly, ascribed a secretory activity 
to the .Golgi body, while Uevea and Duesberg have identified it 
with the mitochondria. Fat spherules have also been found in the 
cells, being more numerous in the distal than in the basal zone. 
Various secretory inclusions have been described in the folli-
cular epithelium. Among these are the colloid cella of Langen-
dorff- small cells often having pycnotic nuclei and which seem 
to be filled with colloid. In the basal zone of other cells,-
the colloid cells of Bensley,-.diffuse vacuole-like areas which 
with a special technique, stain somewhat similar to colloid.An-
-dorson has noticed small non-stainable vacuoles, and Langendorf! 
has reported the presence of intracellular droplets. Uhlenhuth 
has described droplets which stain in livin~ cells with neutral 
red, and also intercellular colloid droplets.(Elwyn &: Strong-'32). 
17 
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In addi~lon, a colloid-like substance in sometimes seen in the 
capillaries adjoining the vesicles. Dividing cells in the thy-
roid epithelium have rarely been noticed. 
It might be well at this point to contrast this general his-
tological description, moat of which is applicable to the human 
organ, with an accurate account of the thyroid gland of the rab-
bit. The nuclei in these animals are found in the central or 
slightly basal parts of the cells. They are round or oval depen~ 
ding on the shape of the cell, and have an average diameter of 
six micra. The nuclear membrane is usually well-defined while 
the contents in mos~ cases takes a diffuse basic stain. The 
chromatin is quite uniformly distributed; the nucleoli are one to 
four in number; the cytoplasm ::;tains green, the mitochondria 
bright red. The mitochondria, which were the subject of most ri-
gorous inspection, were found to be round in most cases, though 
a.t,times they presented a rod-shaped appearance. As stated in 
the last paragraph, they are found usually in the basal ends of 
the cells; ~his is likewise true for the rabbit. The rod-shaped 
·mitochondria, when present, are always short and are occasional-
ly to be found in the colloid. This occurs when the free border 
or the cells appears ruptured. (Bast,Supernaw et al-1928). 
The mechanism of secretion in the thyroid is still far from 
being understood. Two main views have been developed on the ba-
sis of observed and previously known data. The first of these is 
that the colloid of the lumina is a reserve secretion which is 
elaborated above the amount needed by the organism. The other 
18 
theory is ~hat the colloid is a waste product of the secretion. 
The first of these views seems to be in accord with more of the 
( '· known facts of the physiological and pathological activities of 
the organ. From numerous observations it has been learned, nev-
ertheless, that the thyroid is strikingly a storage gland. Thy-
roxine, the active principle of the gland, which is found in the 
colloid is found under normal conditions stored in the follicles. 
,.. 
I 
Abnormal situations such as iodine deficiency and the injection 
of anterior hypophysis in pertain species, show a rapid disap-
pearance of the colloid. Along with this release are changes in-
dicative of high secretory activity of the epithelial cells. 
They enlarge and increase in number and folds and evasinations 
are noticeable. Thus it seems ~hat there is involved in thyroid 
secretion not only the formation and discharge of the secretion 
immediately formed within the cells, but al'so the transport to 
the capillaries of the secretion st~red within the follicle.ETen 
in the rapid emptying of the follicles,wb.i.ch :can be experi-
mentally induced, not much colloid in transport can be distin-
guished, so that it appears that some of it, at least, must be 
reduced to a form which is indistinguishable with the cytologi-
cal technique now used. It has been reported that blood capil-
laries of some birds penetrate into the follicle. These are per-
haps instrumental in the transport of the colloid. It is Uari~e·s 
· • .-
1 :. belief that, on the basis of the available evidence, the 
vario11s kinds of cells seen in the thyroid epithelium are stages 
in a secretory cycle. (Rlwyn and Strong-1932). 
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Also noticed in the thyroid gland have been the 'parafolli-
cular' cells described by Nonidez(l93lb) in puppies up to the 
age of six months. These cells which were disclosed by the sil-
J' ver nitrate method of Cajal were large epithelial cells with ar-
gyrophile granules. They arise in the follicular epithelium and 
later migrate into the interfollicular spaces, remaining close 
to the follic~es. It is the belief of the investigator that the 
argyrophile granules represent the antecedent of an endocrine 
secretion poured direc~ly intq the vessels. ~hen ~he parafolli-
cular cells were separated from the epithelium lining the fol-
licles, no loss of colloid was observed because the follicular 
cells rill the gap left by the migrating elements. However .with 
a corresponding decreaae of ~he volume of the follicle there may 
be a loss of fluid. Because of ~he large size of these cells 
they are easily recognized in thyroid sections stained with he-
matoxylin and eosin. Although ~he fate of these cells appeara 
to be unknown, their segregation during early postnatal life is 
regarded as evidence of the presence of two types of elements 
with different potentialities in the follicular epithelium. 
Until recently the belief was held ~ha~ ~he groups of cells 
which are visible in single sections of the interfollicular re-
gion are interfollicular epithelial cella. Mos~ authors gave 
quite complete descriptions and ~heories of the behavior of 
1r these cella. One (YcCarrison-1918) describes ~hese as reserve'' 
cells from which new follicles are formed, should the occasion 
arise. However, if traced in serial sections most of ~hese will 
be found to belong to follicles which are out of the plane of 
20 
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of the section. In man, however, all of the interfollicular cells 
cannot be accounted for in this way. It is thoughtthat they may 
be undifferentiated cella which are capable of growth. This be-
lief is enhanced by the fact that they are more numerous in the 
human thyroid where thyroid adenomata are also frequent. Lympho-
cytes are found to occur throughoat the stroma, and in certain 
abnormal conditions like exophthalmic goiter, these may greatly 
increase in number. 
~uite frequently the follicles of the thyroid ha~e been de-
scribed as giving rise to new follicles by the process of 'bud-
ding'. However, one recent author claims that budding does not 
occur, that new follicles are not formed after puberty, and that 
the appearauce described as buds are irregularly twisted follic-
les which have enteredthe·plane of the section at more than one 
point {U:aximow and Bloom-1930). 
:;evertheless, it is known that the intervesicular material 
varies greatly during different age periods. Because of conflic-
ting opinions and data, no major conclusions can justly be for-
med on this topic. 
An interesting phase of histological study has been that 
dealing with regeneration. The gland will regenerate rapidly 
after surgical reduction if iodine is withheld fro~ the diet , 
but will not regenerate if desiccated thyroid is administered. 
{~ Transplantations in the sace animal have been successful, parti-
~~~--J r~ ' 
cularly when the animal suffers with a thyroid deficiency. 
Tissue culture work has also been done with the thyroid 
-21 
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gland, and pure cultures of embryonic chick thyrold epithelium 
have been kept alive for some months. Quite recently a very ef-
ficient tissue culture procedure was conducted with the entire 
thyroid gland. This method of keeping tissue alive in vitro 
should with further development, be of great value in further-
ing physiological, chemical, and medical knowledge. The tissues 
were kept alive in one of three media- 1) blood (sanguine) ser-
um more or less diluted and containing growth stimulators;2) an 
artifical medium containing amino-acids; 3) a medium containing 
peptones. The entire gland was kept alive with the use of one 
of these in a hermetically sealed oven. The use of the first 
two of the above media was accompanied by a diminution of the 
volume of the gland. Normal structure was retained for the most 
part, the follicles being full of colloid even after Twmty-one 
days of circulation by the blood serum. ~ith the amino-acid me-
dium the gland degenerated, and with the peptone medium the 
growth of the gland was greatly accelerated, ~he weight doubling 
in three or four days; also the sugar consumption was greatly 
augmented. The thyroid glands of six cats and nine fowl were 
used for these experiments. {Carrel and Lindbergh-1935). 
22 
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-E!!BRYOLOGY-
Careful studies have shown that the human embryo develops. 
five pharyngeal pouches, all of which reach the ectoderm.Claims 
to the contrary ~ve been proposed but seem highly improbable • 
• The fact that the ultimobranchial body develops from the last 
pharyngeal pouch, which in man is the fifth, appears to invali-
date any other views. (Grosser-1912). Figure Four illustrates 
the derivatives of the pharyngeal region and the aforementioned 
ultimobranchial body will be discussed later on in the paper. 
The thyroid gland ie a derivative of the pharyngeal region 
and makes its appearance early in foetal life. An organ of ento-
dermal origin, it is first noticeable at about the time of the 
formation of the first pharyngeal pouch. In the human embryo it 
is clearly visible at the 1.5 millimeter stage and appears as an 
evagination from the median line of the floor of the pharynx, 
slightly posterior to the first pouch. 
History of thyroid embryological research is quite extensive 
/ / 
and the following chronological resume, by no means complete or 
inclusive, clearly shows the foundations upon which our present 
concepts are built. 
Jones in 1836, who was probably the first man to describe 
the microscopic structure of the human fetal thyroid, found that 
in a four and one-half months old embryo the cells of the gland 
had become partially arranged into solid, globular masses; but 
he saw no vesicles at this stage. 
Jiemak in 1855 described the formation of thickenings in.the 
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wall of primitive saccular, epitheli& thyroid anlage of chick 
embryos. These, he observed, became separat.ed and gave rise to 
the thyroid follicles. He also believed that the original saccu-
lar anlage might persist for some time and form new secondary 
vesicles by a process of constriction. Among his other work was 
the description of secondary follicles forming in pig fetuses 
four inches and above in length, in which constriction and solid 
budding both were the means ot the secondary follicle formation. 
Peremeschko in 1867 described the division of primary fol-
licles of mammalian embryos into secondary ones. It was his con-
viction that the colloid arose partly by secretion and partly by 
colloid metamorphosis of epithelial cells. 
w. Muller in 1871 observed a stage in thyroid development 
in which the gland is composed of a network of cylindrical tubes. 
He found this in a twenty-four millimeter fetus and in decreasing 
amounts in older embryos (even in a three year old child). These 
tubes arise from solid epithelial cords by the development of a 
central lumen. Ingrowth from the mesoblast produced the segmen-
tation of the tubes· with .the formation of the gland-vesicles. 
Horcicka in 1880 noted that a four month fetal thyroid was 
made up mostly of solid cell masses, but that after the fifth 
month, the structure was typically glandular. 
Also in 1880 w8lfler described the follicular formation from 
the solid cell masses toward.the end of the fetal period, and 
also after birth. At this time the peripheral cells of the masses 
become circularly arranged, the central cells become granular, 
24 
degenerate, and finally disappear in the pale granular mass which 
fills the lumen of the vesicle thus formed. 
L. Stieda noted in 1881 that the epithelial cords develop 
lumina at their ends which gradually become constricted off. 
Baber, also in 1881, described the fully formed follicles 
as spheroidal ·in form, but observed also branching follicles 
which are probably giving rise to secondary follicles by a pro-
cess of division. 
" Wolfler in 1883 advanced the idea that the later development 
of the thyroid gland is centrifugal. He distinguished a medullary 
portion and a cortical. portion which are respectively the oldest 
and the youngest, most developed and least developed. 
His reported in the year 1885 that thyroid anlage cells 
group to form acini or tubes in an embryo between 16.5 and 22 
millimeters in length. The inner ends of these had a light col-
loidal appearance. 
Biondi-1889- held that the colloid arose by cell secretion 
and not by cell degeneration because he found that in postnatal 
thyroids the vesicle discharges its contents, collapses, and 
finally rearranges itself in the form of a number of small acini 
which repeat the process. 
Ribbert in the same year noticed centrifugal growth in the 
thyroids of embryos and new-born. Follicles formed by outgrowths 
of solid buds or sprouts of the old follicles. 
Lustig in 1891, as a result of his studies on the pig and 
other animals, enhanced the belief that colloid and follicles ap-
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pear synchronously as the result of the degeneration of the cen-
tral cells of the preexisting cell masses. 
Podack in 1892 found well formed follicles in a fetus of 
five months. Some parts of the gland had many cell masses and 
cell cords however. 
ifurshall in 1893 said the following about the human thyroid, 
"At an early stage the lobes (of the fetal thyroid) are excavated 
by a number of detached cavities which become the vesicles of 
the adult thyroid. 11 
Zielinoka-1894- described the structure of the thyroid in 
newborn children as variable, both in size and the number of fol-
licles, and also in the amount of cell masses and cords present. 
In the same year Iiurthle described in the thyroid of young 
dogs scattered amounts of interfollicular epithelium, in which 
new (primary) follicles arise by the secretion of the colloid 
into the angles between adjacent cells. 
Anderson during the same year noticed secondary postnatal 
follicles arising from the collapsed epithelium of emptied fol-
licles. He claimed this to be true for various mammals and said 
the new lumina formed by cell secretion of .chromophile spherules. 
According to L.H. un11er in 1896, the origin of small secon-
dary follicles from the larger follicles (as described by Rib-
bert) is clearly evident, even in the human adult. 
A year later Tourneux, Verdun and Soulie made a careful 
study of human and rabbit embryos, and found that follicles deve-
lop by a formation of a cavity in each enlargement of the epi-
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thelia.l cords. 
Streiff, also in 1897, made wax reconstructions of normal 
human adult thyroid tissue and found it to be made up of closed 
follicles which are either ovoidal or spindle-shaped. From his 
observations he concluded that the thyroid arises as a branched 
tubular gland, the follicles being formed by constriction of the 
tubes. 
Schreiber, in the following year, examined a three months 
old fe~us, and found the thyroid gland for the most part arranged 
in follicles which contained much colloid. 
The work of Kllrsteiner in 1899 showed that,in embryos from 
eight to thirty centimeters in length, the thyroid lobules were 
made up of round or elongated, solid or hollow follicles. The 
lumina were few in number up to about twenty centimeters, but in 
the older fetuses they were numerous. and evenly distr.ibuted 
throughout the gland. Some branching vesicles were also noted at 
the seventeen and one half centimeter stage. 
Prenant in 1901 stated that in the embryonic thyroid the 
solid epithelial cords are transformed into a network of tubes· 
from which the follicles are formed by a prooeas of constriction. 
von Ebner in 1902 found many well developed follicles in 
older fetuses and new-born. Between the follicles he found, even 
in the adult, frequent solid strings and· nests of epithelial 
cells which are in the majority during development. 
The following year IUkes found the fetal thyroid to present 
both solid cords and well developed follicles in variable numbers. 
2? 
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He studied the thyroids of embryos ~r~m four and one half to six 
and one half months of age. In the newborn the earlier follicles 
have largely disappeared, leaving only a few at the periphery of . 
of the gland. 
Hertwig described in the fetal thyroid anastomosing epithe-
lial cylinders. These become tubular; varicose dilations are(by 
ingrowth of the adjacent connective tissue) cut off to form the 
perEanent follicles. This work was reported in 1910. 
This historical sketch was based on the work of Norris-1916; 
1918 (140, 141). 
~ith the historical background traced, we can now turn to 
our present conceptions with a glance at thyroid development in 
amphibia, the frog serving as a type. 
In the frog embryo the thyroid appears as a longitudinal 
evagination which is rod-like in shape, and which separates com-
pletely from the pharynx at about the ten millimeter stage.It 
divides into two parts which eventually become vascular. 
The chick thyroid begins to develop near the end of the 
second day in a manner much like the above. Careful obserTations 
however, (McEwen-1923) show that it appears near the end of the 
second visceral arches. Development gradually changes the thyroid 
anlage from a slight depression in the pharyngeal floor to a wide 
mouthed sac. such is the appearance at the end of the third day. 
During the fourth day the thyroid sac completely separates from 
the pharynx. Subsequently it becomes divided into two massive 
lobes which move backward and take up a position at the Junction 
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of the sub-clavian and the common carotid arteries. 
The thyroid anlage of the Pacific Pallid bat, in one study, 
was first seen as a ~up-shaped body in the three millimeter em-
bryo, and colloid was first noticed in the follicles of the nix-
teen millimeter embryo (Selle-1935). 
Embryologi,cal studies of the dog have revealed that during 
the period of fusion of the growing thyroid with the ultimobran-
chial body, which will be discussed later, the lateral lobes 
have grown extensively and consist of branching aomewhat thickened· 
cords and plates. The cells are often radially arranged about a 
minute real or potential lumen. This condition was found to exist 
from the twelve and one-half millimeter to the seventeen milli-
meter stage_. Actual follicles did not form until much later.The 
gland of the newborn·puppy showed numerous small follicles filled 
with eosin staining colloid (Godwin-1937). 
A more complete description of the development of the thy-
roid has been offered by lforris (1918). He investigated the mor-
phogenesis of the human thyroid gland and for explanatory pur-
poses this will serve as an example for the.entire mammalian 
series. norris divided the development into eight stages and 
the following descripti~n is supplemented by Figure Three which 
illustrates the paths of development. 
1- Pre-anlage stage- is the period of development (embryonic) 
between the time of the formation of the entodermal pharynx and 
the appearance of the thyroid anlage. This is illustrated by 
Figure 3a. 
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2- Early anlage stage- (.io'igure 3b)- is the period in w;hich 
the thyroid anlage becomes·visible as a shallow trough and has a 
slight thickening in the floor, 
3- Early growth stage- This stage. can follow three different 
., 
courses. and thc'differences are explained by the various distri-
butions of the growth activity in. the anlage. (Figule 3c.d,e). 
I 
4- Beginning separation stage- (Figure 3g,h,i)- This stage 
shows the thyreoglossnl duct formir1g, and the early stages of 
separation from the pharyngeal floor. 
5- Complete separation stage-· This stage varied in the 
specimens between 3.9 and 7 millimeter embryos. Figure 3j-q show 
the great variability possible. 
The histology of the thyroid at these early stages has been 
examined, and during the ver,y earliest stages no cell boundaries 
were found. The cytoplasm appears clear and almost hyaline, very 
rarely showing the presence of scattered granules. The nuclei are 
quite typical, being large and ovoidal with distinct nuclear mem-
branes. In general the nuelei are so arranged that their long 
axes are nearly perpendicular to the surfaces of the anlage.Each 
nucleus contains three or four large smooth chromatin blocks 
(karyosomes) which occur in an almost structureleaa karyoplasm. 
They lie either in apposition with the nuclear membrane or ap-
- ~ parently free in the nuclear sap. Linin may be discerned passing 
through the karyoplasm and joining two or more of the chromatin 
masses. At about the four milli~eter stage certain other changes 
are detectable. Different parts of the anlage show the cell boun-
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dariea to be clearly visible. The nuclei now appear more apheri-
(, cal in outline and are more chromatic, staining more deeply than 
in the earlier stages. 
· 6- Cavity formation stage- At abou.t the seven millimeter 
stage there appears in .the gland mass a n~mber of completely 
. . 
closed cavities. Although they are at first tiny clefts which 
seem to be spaces caused by a pulling apart of the surrounding 
cells, they soon increase in size and come in contact with each 
other. In all oases these oavi ties are empty and opt.lined by a 
sharp distinct margin. These spaces are independent of external 
conditions and in the ear1ier stages never open to the outside. 
They develop independently of each other and oonfluency is only 
a secondary prooess •. At later stages the cavities open to the 
outside and are then invaded by the adjacent mesenchyme (Fig.3s). 
These cavities have been seen to develop only in areas of the 
gland mass which have attained considerable thickness, but never 
in parts which do not exceed two cells in thiokness.(Figure 3r,s}. 
7- Plate stage- The process of cavity formation and its 
passage to the outside soon transforms tb,e gland to a. smooth, 
two celled s.e~ies of epithelial plates which anastomose freely 
with each other and soon form an extremely complex structure. 
This is the condition of the embryonic thyroid at the end of the 
plate stage. Epithelial plates also form bY. a process of budding 
and the growth of the original plates soon supercedes the cavity 
formation method. It appears that the upper poles of the lateral 
lobes of the adult thyroid gland are formed from these secondary 
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~FIGURE THREE-
-Schematic Arrangement of Thyroid Development-
(after Norris) 
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plates which grow cephalad. This is believed to be so because, 
·notwithstanding the fact that cavities have never been observed 
in this region, there is a progressive increase in the length of 
the lateral lobes from stage to stage. 
8- Follicular stage- This is the condition found in the 
adult gland and is brought about by a gradual replacement of the 
erithelial plates by the follicles. Figure 3s and t show the re-
lation between these two stages. 
The cavities observed in the human thyroid were also seen 
in the f~sh Squalus acanthias embryos and in a number of inter-
mediate animal.forms such as the pig, sheep, dog, rabbit and 
pigeon. They developed in a manner very similar to the one just 
described for the human tbYroid. According,to Norris the opening 
of the intraepithelial cavities to the outside of the gland mass 
seems to be a feature quite unique and peculiar to the thyroid 
gland for it has not been observed in the morphogenesis of any 
other gland. 
During development a thyreoglossal duct may or may not form. 
If present it may be hollow or solid and of variable length. In 
man it becomes obliterated about the eigth week of foetal life, 
its former opening at the base of the tongue being represented 
by the foramen caecum. Occasionally the thyreoglossal duct may 
'( be only partly obliterated whence it may become the seat of fis-
tulae, cysts or tumour formation. In those cases where no duct 
forms, the gland is constricted off close up to the pharyngeal 
floor. 
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As the growing thyroid moves caudally it passes either an-
~· terior. posterior or through the region which is soon to become 
the hyoid bone. There are adherents for all three of these cour-
ses. This topic is not very important and is mentioned only be-
cause the thyroid may be constricted into a supra- and an infra-
hyoid part, if as it moves caudally it passes through the hyoid 
anlage region (Hendrick-1936). 
Although most of the ultimate cell masses usually combine 
to form the thyroid gland proper, some may become detached from 
the main mass and wander downwards with the heart, situating 
themselves in various parts of the area lying between the roots 
of the tongue and the aorta. These cell rudiments develop into 
typical thyroid tissue, in all respects like the tissue of the 
gland proper. Xhey are the accessory thyroids and may give rise 
to 'aberrant goiter* such as lingual and retroeternal goiter. 
The accessory thyroids are most common in the neighborhood of 
the ~ongue and hyoid bone; .but they also occur under the maxilla; 
behind the pharynx or esophagus; in the vicinity or, or more 
rarely in. the trachea or larynx; near.the crico-thyroid and aor-
ta; and in the mediastinal regions (llcCarrison-1918). 
A subject that has aroused much speculation and much inves-
tigation is the problem of the ultimobranchial.bodies and their 
relation to the thyroid gland. Very little is known concerning 
the fate of this organ although much has been written about it. 
The following is an attempt to organize and condense the material 
available on this subject. 
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The ultimobranchial bodies, like the thyroid gland, are 
r 
l structures peculiar to vertebrates. Van Bemmemmen discovered in 
the e~bryo of the shark and thornback, behind and on each side of 
the last branchial arch, a pocket-like formation containing fol-
licles ~nd resembling the thyroid gland. This glandular organ 
lies so near the heart that he called it the suprapericardial 
body. such organs have been found in p~actically all of the ver-
tebrates, several people having reported occasional exceptions. 
In selachians both members of the single pair of these organs de-
velop, but in urodeles and lizards, the left alone cpmpletes its 
development while the right one remains in a rudimentary condi-
tion and finally disappears (Wilder-1923}~ Two mammalian excep-
tions have been noticed recently. One study on the embryology of 
the Pacific Pallid bat showe.d that. at no time during the develop-
. . 
ment of this species was there any indication of the formation· 
of ultimobranchial bodies (Selle-1935). Serial cross-sections of 
a thirteen and an eighteen millimeter horae embryo, and pharyn-
geal models made from them, revealed that four pharyngeal pouches 
are present in each of these stages. None of these connected with 
the outside ectoderm, and no evidence of ultimobranchial bodies 
was observed (Harrison and Yohn-1932). 
A man named Mlwa renamed these bodies the postbranchial 
bodies because they are always situated behind the last branchial 
arch. The term most commonly applied to these organs is - ultimo-
branchial. It was introduced by Greil in 1905 who studied the de-
velopment of these organs in Anura. In amphibians, reptiles, 
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birds and mammals these bodies give rise to follicles with epi-
thelium and vibratile cilia, but according to Yiwa, colloid is 
never found (Crotti-1918). 
The diagram of the pharyngeal derivatives (Figure Four) 
shows that pouches four and five are intimately related, eo much 
so that they possess a common duct to the pharynx,- a ductus 
phar.yngobranchialis communis. In addition they have been desig-
nated quite often as the caudal pharyngeal complex. ~hat apparen-
tly happens is that the fourth pouch develops a cauda-ventral 
process, which with further development becomes a fifth pouch, 
a~d the ultimobranchial body is the sole derivative of the lat-
ter. Opposed to the conception that these bodies originate from 
the last pharyngeal pouch have been Maurer and Verdun who have 
claimed their observations led them to believe that they arise 
back of the pouch forming area, and only secondarily become con-
fluent with the most caudal pouch (Rogera,w.M.-1927). 
Nevertheless, proceeding with the belief that the ultimo-
branchial bodies are derived from the last pharyngeal pouch, it 
.is seen that the ductus pharyngobranchialis communis diminishes 
in size and becomes constricted off from the caudal pharyngeal 
complex, just as does the corresponding part of the third pouch. 
The ultimobranchial bodies become elongated vesicles with thick 
walls and usually remain close to the epithelial bodies. (Gros-
aer-1912). 
In the meanwhile the thyroid anlage has moved caudally so 
that it comes in contact with the ultimobranchial bodies. The 
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former has started to grow laterally and encloses the derivatives 
of the caudal pharyngeal complex. The period of fusion of the 
thyroid with the caudal pharyngeal complex h.."'ia been described for 
dogs. This period included embryos from 12.5 millimeters to 17 
millimeters in length. At this time the thyroid is stretched a-
cross the trachea below the pharynx, in practically its defini-
tive position; the isthmus region is well-defined and the aortic 
sac and adjoining ve~sels have drawn considerably away from it-
(Godwin-1937) .. The fate of the ultimobranchial bodies from here 
on seems to vary. 
Hammar has reported the presence of ultimobranchial bodies 
in embryos of the five millimeter stage in man, and it is not 
until approximately the fourteen millimeter stage that the caudal 
pharyngeal complex separates. A little while after the fifteen 
millimeter stage the lumen of the ultimobranchial body begins 
to disappear. 
W~lfler in 1880 was the first to observe that a derivative 
of the pharyngeal pouch becomes as·sociated with the thyroid an-
lage in mammals. This was firmly established by Stieda in 1881 
and Born in 1883. The latter invented the term lateral or pos-
terior anlage of the thyroid which has often been used for the 
ultimobranchial bodies. 
In the vertebrates below the mammals the ultimobranchial 
bodies are independent structures which assume Blandular charac-
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-FIGURE FOUR-
-I~man Branchiogenic Derivatives-
(after Keibel and Hall) 
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I ter, produce alveoli and cell pords, but develop no colloid. Maurer, who has studied the whole situation quite thoroughly , 
found that in the echidna the ultimobranchial bodies are also 
independent but develop alveoli with colloid. This material ha.s 
been identified with the thyroid however, only on the basis of 
its staining reactions. In all of the higher mammals the fate of 
the ultimobranchial bodies can no longer be followed with any 
certainty because· they now lie in the thyroid tissue. In many 
mammals a cyst. can be found situated beside the internal epithe-
lial body, surrounded by thyroid tissue, and often lin~with a 
ciliated epithelium and possessing mucous glands in its walls; 
furthermore there may be cell cords which extend into the in-
terior of the thyroid and vesicles which are not always to be 
distinguished from undeveloped thyroid tissue. (Herrman and Ver-
dun-1899; Scha:ffer-1909).1 
1. The references in this section, as well as most of the names 
referred to (unless otherwise mentioned), are secondary. I.e.-
they have been obtained :from Grosser-1912 - The Development 
of the Pharynx and of the Organs of Respiration.- Number (60) 
of the bibliography. 
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-FIGUIB 5-. 
?-lames Given the Derivative of the Last Pharyngeal 
Poach, and the }lane of the Inventor. 
Ultimobranohial body ••••••••••••••••• Grell 
Supraperioa.rdial body •••••••••••••••• Van Bemmemmen 
Postbranchial body ••••••••••••••••••• Jliwa 
Lateral thyroid anlage ~ ... _ 
• .-.-.-.- • • • • • • • • l3 o rn 
Posterior thyroid anlage 
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The cysts and glands have been derived by most investiga-
tors from the ultimobranchia.l bodies themselves, yet some of 
these a.t least may represent the remain.s of the fourth and even 
fifth pharyngeal p•uch (Groschuff-1896). If this be so then only 
the cell cords o.nd the small vesicles can be ascribed to the ul-
tiznobranchinl bodies, these, however, occurring distinctly only 
in a few species such ns dromedary, sheep, cow, hedgehog, and , 
mole. Herrman and Verdun have described a. case of an ultimobr-
anchial body rewaining independent in a camel one year of age; 
ita structure was glandular though quite different from the ~hy­
roid. It was a rudimentary organ and consisted of coiled tubules, 
closed vesicles, massive cell cojlumns and cell spheres. 
'l'he O.llparent inutility of the ultimobranchial body is evi-
denced by the fact that in thyl·eo-a.plasia(defect of the thyroid 
anlage) it gives rise to no new thyroid tissue (Yaresch-1898; 
Peucker-1899; :~rdheim-1904). In such cases one finds in addition 
to epithelial ho~y IV, larger and smaller cysts, part of the con-
tents of which stain bright red with eosin; beside the cysts lie 
oome lobes of serous or lllUCous gland tis:me, and in one caae Er-
dheim found just. beneath the cyst ••• "a thin layer of small epi-
thelial cella with dark nuclei.'' 
These viewoseem to explode the theory tha~ the ultiwobran-
chial bodies give rise to no new thyroid tissue, but they are 
by no means conclusive. The theory that the ultiroobranchia.l bo-
dies become converted to thyroid tissue l1as had some adherents. 
One careful atudy of the ultimobranchial body of the rat 
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lendssupport to the conversion theory, It was found that no fourth 
pharyngeal pouch develops, but that the ultiruobranchial body a.-
rises from the caudal wall of the third pouch. This investigat-
ion ahowed that these organs lost their connections with the ph~-
: rynx and became imbedded in the thyroid tissue. After fusion 
with the expanding thyroid gland·the ultimobranchial body becomes 
invaded by vascular connective tissue and breaks up into cords 
of tissue undistinguishable from the thyroid parenchyma. From 
·here on the development is explained by the transforll:a.tion of 
the cordo at the site of the ultimobranchial body into colloid 
containing fo.llicles which 1.ppear to be morphologically identi-
cal with the thyroid follicles. !iowever, this investigator does 
state thn.t ••• nthe part of the thyroid parenchyma which is for-
med from the ultimobranchial bodieo constitutes only a very small 
part of the thyroid gland."(hogers;:; • .u.-1927}. This work turned 
out to be essentially the confirmation of earlier studies done 
on the pig. This experimenter (~adernatscher-1918,1919) in his 
study on postnatal pigs found that the ultioobranchial bodies 
partake in thyroid formation and play a regalar, though small, 
role in colloid formation. 
Another investigation, the results of which lend support to 
this view, was performed recently with fetal and postnatal dogs. 
1'he ul timobranchial body was seen to arise from the caudal wall 
of the fourth pharyngeal pouch, esoentia.lly as a fifth pouch. 
Typically, the greater part of this organ becomes enclosed by 
the thyroid gland, but in many cnseo portions are not fused with 
or intimately related to the thyroid cords. According to this 
observer,- peculiar unorganized cellular masses of variable size 
and location which·are formed from ultimobranchial material,fre-
quently are preaent at the periphery of the thyroid glands of 
late fetuses and postnatal dogs. The gray cells, which are des-
cribed as the formers.of the thyroid follicles, are suggested as 
originating from ultimobranchinl material. One third to one half 
th~ thyroid gland is estimated as originally ultimobranchial bo-
dy and tho transition iB believed to be accomplished by a pro-
cess of homeogenetic induction. (Godwin-1937). 
The ~ajority of experimental evidence points to the ultimo-
branchial body as a regressive structure which plays no part in 
the formation of thyroid material. It is possible however, that 
the widespread skepticism concerning bhe transformation of the 
ultimobranchial body to thyroid tissue, may be due to the diffi-
Ctllty in understanding just how the transformation can occur. 
stewart(l918)- studied the cat and found the ultimobranch-
ial body arising essentially as a fifth pharyngeal pouch altho~~h 
it made no ectodermal contact. So evidence was shown for be-
lieving the organ to be anything but regressive. Cellular dis-
integration,' reticulation, and cyst formation vindicate this 
belief. 
Another worker on this problem claimed that the ultimobr-
anohial body of the cat persists, but takes no part in the for-
mation of thyroid tissue. (De Winiwarter-1935). The work of. 
stewart found confirmation in another series of investigations, 
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also on the cat (Maaon-1931). This worker found the ultimobran-
chial body to show no evidence of possessing a function. The 
fate of this organ he described as twofold. It 'may undergo 'de-
generation and so form cysts in the thyroid gland which may or 
may not enclose it. Or, it may become part of the internal thy-
mic lobule (along with thymus .rv). The relation between cyst for-
mation and thymic transformation he believed to be reciprocal. 
};1esearch on the development of the pharyngeal region of the 
calf was also undertaken. In this animal the ultimobranchial body 
arises from the fourth pharyngeal pouch as an undeveloped fifth 
one. As in other species, .1 t becoroes enveloped by expanding thy-
roid, but is easily distinguished from it. There was no evidence 
for the origin of true thyroid parenchyma from any part of the 
caudal pharyngeal complex while the histological differentiation 
' 
of the coiDplex gave no indication of its value as ~n endocrine 
organ or any character, past or present (~ngsbury-l935a}. Of 
interest, but <loubtful significance, is the fact that in one stu-
~ of calf embryos, the ultimobranchial body was easily distin-
guished from the thyroid gland, even as late as the 163 milli-
meter stage. (Anderson-1922}. 
Human embryo studies further brought out the regressive 
character of the ul tin1obra.nchial bodies. Forty specimens ranging 
from thirteen millimeters to fifty-five millimeters in length 
were examined, and no conclusive evidence was furnished to sug-
gest that material from the caudal pharyngeal complex in any way 
contributed to the true thyroid parenchyma. The evidence showed, 
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on the contrary, that after fusion with the median thyroid gland, 
the complex underwent reticulation and progressive degeneration-
(Kingabury-l935b). 
Occasional persistence of the ultimobranchial bodies in man 
have been noticed. Getzowa in 1907 observed, in atrophic thyroids 
of cretins and idiots, cell masses and cords which pointed to a 
persistence of these organs. These corresponded hiatologiaal~ 
with no other glandular structures in the region, and were com-
posed of large polyhedrio cells, rich in protoplasm and with 
large nuclei moderately f~lled chromatin. In addition there were 
small cysts which were not formed of thyroid tissue. It was Get-
zowa's conviction that strumae may arise from the parathyroid or 
from the ultimobranchial bodies as well as £rom the thyroid. In 
this way she explained the variability of these tumours. 
The great variability in behavior of the ultimobranchial 
bodies throughout the mammalian series has been explained on ~he 
supposition that they· constitute functionless rudimet;ts-(Herr-
man and Verdun). Groschuff-1896,- rightly sees in the union of 
the bodies with the thyroid a condition that ia confined to mam-
mals, a process which essentially corresponds to the formation 
of an internal epithelial body or thymus lobe, but does no•t Jus-
tify the derivation of the thyroid gland from different anlagen-
(Grosser-1912). 
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•SO:ffi ASPECTS OF THYROID PiiYSIOLOGY-
• I 
r 
-Various Factors and Conditions Affecting the Thyroid-
The literature on this subject is quite abundant, some al-
ready having been mentioned. The problem of temperature effects 
is one that has occupied the attention of several observers. One 
of these found, that in general, external temperatures higher 
than normal cause a diminished activity of the gland (as judged 
by morphology) and also a slowing of the growth rate. Low exter-
nal temperatures, on the other hand, increase the thyroid activi-
ty and seem to cause a faster rate of growth. (llills-l918).Changes 
that occur in the thyroid glands of rats exposed to cold have 
likewise been observed by other workers (Cramer and Ludford-1926)• 
They found that increased vascularity of the gland, cellular hy-
pertrophy with enlargement of mitochondria and Golgi apparatus, 
as well as altered staining properties of the colloid followed 
by a decline in its amount and eventually death of the epithelium 
inevitably resulted. A series of similar experiments with white 
rats exposed to cold for ten to twenty-five days confirmed the 
above results (Kenyon-1933). This investigator also found that 
iodine in doses of .001 milligram daily diminished or prevented 
the changes brought on by cold. The hypertrophy and colloid loss 
mentioned above usually signify preponderant excretion of the hor-
mone from the gland, arising either from impaired formation or 
from excessive excretion of the hormone. The actual amount ex-
creted is of course a technical physiological problem, but there 
was no reason for believing that impaired formatiorl of the hor-
1 
mone actually did occur in this investigation. It 
i 
i'ls the experi-
\ 
I 
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manter's conclasion that,- "It is likely that the hypertrophy and 
colloid loss herein described signify that the thyroid gland was 
excreting more of its hormone, but the essential demonstration of 
increased need by the tissues for thyroxin is as yet laoking.u 
It has been claimed by some investigators that darkness or 
the absence of ultra-violet radiation, particularly of the anti-
. 
rachitic portion, leads to a hyperplasia of the thyroid gland. 
Others have denied this. The incongruity of opinion on this sub-
ject led to a series of careful studies which support the view 
-
that darkness does not affect the thyroid gland (llayerson and 
Branch-1935). Rata were employed as subjects and were divided in• 
to two diet groups. One was fed. on a balanced stock ration; rich 
in iodine, and the other on fresh bread and milk,- poor in iodine. 
Body growth, size and histological structure of the thyroid 
seemed unaffected by any of the experimental conditions. With 
few exceptions, and regardless of the degree of light, all of 
the rats fed on the stock ration diet showed non-hyperplastic thy-
roids, and those fed on the bread and milk diet showed various 
degrees of hyperplasia. Since different light conditions were 
used, and were . ' apparently of no influence on the thyroid, 1 t 
is concluded that ·antirachitic radiation is not necessary for the 
maintenanoe of proper thyroid development. However ,, it is pos-
sible that the dietetic conditions may have affected the outcome 
of the experiments. 
\ 
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Seasonal changes are known to occur in bhe thyroid gland 
and apparently these are due simply to the changes in the wea-
ther. One study of 7/hi te Leghorn chickens revealed that from 
mid.-~{arch to mid-July there was a weight loss of 35- as against 
the period from January to anrch.(Cruickshank~l929). Along this 
same line is the problem of the influence of age on the size 
of the various organs. One experiment was conducted in which 
pigs were castrated at various ages. Such a procedure revealed 
little or no difference in the thyroid, regardless of the age 
at caotration(Baker-1927). Immature rats have been shown to 
possesa a greater resistance to thyroxine, but th6se will be 
discussed later in the pa~er. 
A most unusual and interesting change produced in the 
thyroid gland is that caused by domestication. The animal sub-
jected to investigation was the oposnum. The gland of the"wild'i 
animal contained ovoid cella which disappeared after the opos-
sum had been kept in the laboratory just a short while. The 
vertebrate homologue of this type of cell is unkown, and it is 
believed that this cell is the producer of a secretory product 
(Bensley-1914). The inevitable result of domestication of these 
animals was a prompt and characteristic change which was marked 
by hyperplasia of high.degree, by disappearance of the stored 
colloid and the intracellular crystals, and by the appearance 
in the free ends of the cells(epithelial) of granules inter-
preted as a new secretion nntecedent(3ensley-1914,1916a}.These 
conditions, it was ~ound, can be produced by controlled diet 
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alone, and with the proper conditions, iodine did not inhibit 
the hyperplasia reactions (Bensley- 1916a,l916b). As a result of 
( his observations Bensley stated,- " ••• at all periods of hyper-
plasia and to an extent which· is inversely proportional to the 
rate of hyperplasia iodine will. cause the storage of intrafol-
licula.r colloid." These findings were confirmed in a study of 
young ducks kept in a domesticated environment for periods of 
three weeks or more. Some hyperplasia, an abnormally high epi~ 
thelium, irregularly shaped vesicles and unusually engorged sur-
rounding capillaries were noticed. These indicated a higher ex-
cretory activity possibly induced by an increased need of thyroid 
secretion for maintaining normal growth and metabolism in un-
favorable environlliental conditions (Schookae~t-1932). However, 
an investigation of the thyroid gland of the rat failed to show 
any ~hyroid changes after the animals had been domesticated -
{Hatai-1914). 
Chemicals, narcotics and toxic agents also influence the 
thyroid gland. A study in 1889 by von Wyss showed that pilo-
carpine poisoning brought about certain changes in the gland. 
Cats and dogs ~hus poisoned were examin.ed and it was found that 
their thyroids were large, turgid, filled with blood, and that 
the cells were· larger, the nuclei less apparent. The free ends 
of the cells were prolonged into processea·which were continuous 
with the colloid mass, and between these processes were bril-
liant spherules apparently fluid in nature. Anderson in 1894 
confirmed the findin~s of v. Wyss, and also studied the struc-
ture of the epithelial cells in young cats and rabbits at dif-
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ferent periods of time after injection with pilocarpine. In the 
earlier s~agea he described clear d~qplets in the cytoplasm 
which collected at the free pole of the cell, extruded in the 
form of small droplets inco the cavity of the vesicle. He re-
garded these as.the antecedents of the clear vacuoles of the mar-
gin of the colloid, and on account of their lack of affinity for 
dyes were designated a.s chromophobe secretion. A little later 
stainable droplets appeared in the free pole of the cell which 
also migrated to the border to be extruded into the lumen, thus· 
constituting the chromophile secretion. The colloid cells of 
Langendorf! were noticed and the concept of polyvalent secretion 
introduced • 
. Other experiments were performed with young growing rabbits 
as the main subjects in order tha~ there might be some evidence 
of the basal metabolism as measured by growth rates. Adult rab-
bits, guinea pigs and cats were also used to snow that these 
results were.not peculiar to young rabbits. Morphine and quinine, 
as well as s~rychnine were used, and it was found that the first 
two appear to decrease the activity of the gland, probably as a 
result of the lessened metabolism and diminished heat production. 
Strychnine, however, caused a greater activity of the thyroid, 
very likely increasing the metabolism through.its action on the 
spinal cord {Kills-1918). 
~uinine and high external temperatures cause an increase 
in the iodine content of the.thyroid gland of the dog, and 
cause a concentration in the gland. Starvation , on the other 
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hand, caused a decrease in the iodine content. Such were the 
findings of one investigator (Sugata-1923) who claimed that these 
facts nre correlated in the view that endogenous protein metabo-
lism is fundamentally responsible for the distribution of iodine 
in the body. 
liistamine, formed in the body as a product of protein cata-
bolism·, was used to induce pathological changes in the thyroip. 
glands of dogs because they seemed most susceptible. The doses 
were given subcutaneously, and though three day dosages were in-
sufncient to produce ~oxic symptoms, the thyroids of two dogs 
showed desquamation with loss of colloid and beginning ~per­
plasia. Hine'ty chemical compounds were used in this series of 
experiments and they can be divided into ·three general groups • 
. 
Caffeine(l-3..:7 trimethyl-xanthine), theophylline(l-3 dimethyl-
xanthine) _and theobromine(3-7 dimethly-xanthine-) when. given to 
the point of toxicity produced desquamation, loss of colloid and 
beginning hyperplaaia in almost every case. In some cases the 
hyperplasia was so marked that 'the sections could hardly be dis-
tinguished from those seen in human exophthalmic goiter. The 
second group gave similar results , but of a much milder charac-
ter. In thia group belong histamine(mentioned above), xanthine, 
guanine, pyridine, quinidine and six others of a similar nature. 
Xanthine (2-6 dioxypurine} is. like histamine, a product of cata-
bolism, and when even an insignificant dose was injected the 
above mentioned results were obtained. Guanine, when administered 
orally had no effect on the thyroid gland. Uric acid likewise 
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produced no changes in ·the gland even when given in large doses. 
The third group includes most of the ninety drugs and had no ef-
fect on t.he thyroid gland, even when lethal doses were adminis-
tered. No inorganic drugs produced changes in the gland although 
other changes. may have been noticed. As an example of this is · 
the case in which a dog weighing ten kilograns was given one gram 
of copper sulphate orally per day, for three days. It died after 
the last ~oee, and examination revealed massive destruction of 
cells and hemorrages in the liver and kidneys •. The thyroid appa-
ratus, however, appeated quite normal. Anaesthesia produced no 
changes in the thyroid gland, except in one case in which a loss 
of colloid with mild desquamation was observed (Cole,Womack and 
Ellet-1931). 
Ergotamine tartrate (Gynergen), when given to suinea-pigs, 
either orally or by subcutaneous;:injectiona produced no changes 
in the thyro~d,.-gland,: ... even with varying doses.- Adrenal in hydro-
chloride causes marked and often· disa.stro\le changes in the body 
·but the thyroid glando appear unaffected. Atropine sulphate also 
exhibited no ·effect on the thyroid, but in one case when larger 
doses were given, a mild hypertrophy vrao noticeable. Calcium 
gluconate likewise failed to produce any changes in the thyroid 
gland. All these chemical substances which ate believed to act 
in a specific manner on the autonomic nervous system, apparently 
have-no influence on the thyroid gland of the guinea pig. Whether 
this ia due to the size of the doses or not in problematical. 
However, an earlier study by Gunning (1917) revealed that adrenin 
or adrenalin. no mat~er what the dosage, produces vasooonstri-
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ction in the thyroid gland. These experiments, carried on with 
dogs under ether anaesthesia, further showed that the dosage 
could be so increased as to practically atop the circulation of 
the gland. The threshold of susceptibility was lower in the case 
of the thyroid than in any other organ that had been studied, 
and there was a slight tendency to over-recovery in the outflow 
due supposedly.to vascular fatigue. The paradox that an increa-
sed secretory activity of the thyroid is accompanied by vasocon-
striction thus appeared strengthened. However, in returning to the 
first aeries of experiments mentioned in this paragraph, it was 
found that these substances(ergotamine, adrenalin, atropine,ca-
lcium) when given in conjunction with extracts of anterior pit-
. . . 
uitary substance do not noticeably alter the effects of the lat-
ter on the guinea-pig thyroid. (Kippen-1934). The effects of 
anterior pituitary substance on the thyroid gland will be taken 
up later in the paper. 
The halogen salts exert interesting influences on the thy-
roid gland of the albino rat. Those fed sodium chloride in ad-
dition to the basic diet showed no differences in thyroid weight. 
Sodium bromide(with or without sodium iodide) or sodium iodide 
showed increases of 43% in thyroid weight, while in those rats 
which were fed on sodium fluoride or calcium chloride the thy-
roid weight decreased about 10%. The histological structure of 
the sodium fluoride, sodium chloride, and calcium chloride fed 
groups appeared perfectly normal. ~ith sodium iodide feeding the 
follicular epithelium appeared flattened, and with sodium bro-
mide feeding a central area of thyroid hyperemia, follicular de-
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generation, epithelial desquamation. and disappearance of the 
colloid was noticed. In the group fed both sodium bromide and 
sodium iodide, the effects of both salts were evident.(Hamilton-
1934). 
It appears that resistance to some poisons is increased by 
the use of certain diets. The feeding of thyroid material in-
creases the resistance mice show to acetonitril. One experiment 
showed that a diet of oatmeal. or oatmeal and liver, enhanced 
the resistance to acetonitril much better than did a diet of 
eggs, crackers, and milk. The thyroid gland was then removed, 
the diet of oatmeal and that of eggs, crackers, and milk were 
given to two groups of thyroidectomized mice for a period of 
thirty days, and the resistance to acetonitril was then deter-
mined. The results showed that thyroidectomy lowered the resis-
tance of the oatmeal fed mice but did not affect the egg fed 
group. It seems safe to conclude from this that the high resis-
tance of the on.tmea.l fed mice is due in part to an effect of 
this diet on the thyroid gland. In many of the cases the resis-
tance was lowered as much as one-half. Earlier experiments show-
ed that the thyroid removal did not have a constant effect 
on the resistance of guinea-pigs to acetonitril, but the vali-
dity of these experiments is to be questioned. The man who con-
ducted the experiments described above concluded that a low de-
gree of resistance suggests an: active thyroid gland, and that 
high resistance suggests an inactive gland. (Hunt-1911). 
Elsewhere in this paper is discussed the possible differonce 
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between the thyroid gland of poikilothermal and homothermal 
vertebrates, and though the conclusions arrived at are only theo-
retica~ they are enhanced by the work done on administering poi-
sons such as pilocarpine to amphibians. Changes such as have 
been described in this section for other animals were totally 
missing in cold-blooded subjects. Keeping larvae of Amblystoma 
tigrinum in solutions of pilocarpine, atropine, and adrenaline 
yielded entirely negative results; all larvae underwent meta-
morphosis at the regular time. The objection that merely keep-
ing tho specimens in the solutioospr-e·venta the d;ruga from coming 
. in contact with the nervous system seems untenable because the 
other effects brought on by these agents in the higher animals 
.were clearly evident in these cases. To further invalidate the 
objections, intraperitoneal injections of pilocarpine and adre-
nalin were administered, but the thyroid glands of the larvae 
were like those of the controls and metamorphosis was unaffected. 
Adult salamanders were then injected with pilocarpine and adre-
nalin, but the negative results obtained seem to indicate that 
the salamander thyroid cannot be stimulated by the drugs used. 
(Uhlenhuth and· Schwartzbach-1927). 
Closely allied with the effects of toxic agents is the role 
played by infections and their influences on the thyroid gland. 
Changes in the thyroid due to infections are of a twofild na-
ture depending on the acuteness or chronicity of the infection 
from which the patient died. Where death was a result of pneu-
monia or acute peritonitis the main changes in the gland were 
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desquamation of the epithelium lining the acini and softening of 
the colloid. ~hen death was caused by a more chronic infection, 
the thyroid did not show any epithelial desquamation, but rather 
a heaping up of the acinar cells with papillary projections into 
the alveoli, and increased scar formation. An experimental stu-
dy of this subject was accomplis~ed by injecting twenty two gui-
nea-pigs intraperitoneally with fecal material. In artificially 
induced chronic infections the guinea-pig thyroid presented no 
deviation from that of the no~mal (Rabinovitch and Gray-1929). 
The belief is quite widely held that the thyroid gland takes an 
active part in the mechanisms combatting diseases of the bo~ 
in general; ~his seems especially true in acute infections and 
fever. During acute infectious proceases the iodine content of 
the tl~roid gland is low and the administration of iodine to 
people thus suffering should have great therapeutic benefits. 
(Cole and gomack-1928). The feeding of iodine is of such great 
benefit because it tends to lower the basal metabolic rate 
which is very high in infec~ious processes and toxemias. A dif-
ferent experimental investigation revealed that feces from goi-
ter patients or goiterous dogs failed to induce any changes in 
the thyroid gland of the cat when given by stomach (Burget-1917). 
This investigator nlso found that the central end of the phrenic 
nerve when sutured to the peripheral end of the cervical sympa-
thetic either does not form a physiological anastomosis or, if 
formed, the stimuli thus car~ied are not efficient in increasing 
the output of thyroid secretion to the point of producing the 
pathological changes accompanying Graves' disease in man. He re-
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moved a section of the cervical sympathetic cord and found that 
no thyroid changes were produced, thus indicating that aecreto-
ry fibres, if there are such fibres present, play no part in the 
normal mechanism of thyroid secretion. 
Cod-liver oil when given in addition to a well-balanced 
diet, does not affect the basal metabolic rate. It does, how-
ever, bring about a characteristic change in the thyroid gland. 
When given in amounts of 1-5 c.c. daily per kilogram it causes 
a depletion of the colloidal content of the acini. Three con-
trol groups of ten animals each received respectively, corn oil, 
viosterol, and cod liver oil from which the vitamin A was re-
moved by heat and oxidation. In all of these the thyroid was 
unaffected (Sherwood,Toth and Carr-1934). The vitamin A is ap-
parently the important feature of the cod-liver oil, but is not 
the only vitamin which affects the thyroid gland. Other inves-
tigators (Daniels and White-1930), also working on the rat , 
found that high protein diets adequate in all but vitamin F, 
and fed to lactating animals, cause the thyroid glands to be-
come much larger than those of normals at the same age. 
That cabbage is instrumental in producing certain thyroid 
changes gas long been known. Chesney, Webster and Clawson at 
Johns Hopkins have shown that fresh cabbage (Brassica oleracea) 
when fed to rabbits as the principle food, causes detectable 
thyroid hyperplasia in two or three months. Continued cabbage 
feeding produced large goiters (up to forty five grams). They 
showed too that goiter development was associated with a low-
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ering of the metabolism, and that iodine administration raises 
the me·tabolio rate in goi terous rabbits and prevents thyroid hy-
]1· perplasia. The hyperplasia that is brought about in this way is 
the same in oases of simple or endemic goiter. These findings 
were confirmed by a series of later investigations which also 
suggested that this goiterogenic agent acta by depressing some 
oxidation system which the thyroid attempts to overcome. (Uarine, 
Baumann and Cipra-1929). 
-
In an attempt to get a more complete understanding of the 
mechanism of colloid goiter one experimenter fed white rats on 
a diet of yellow corn, oats, and distilled water. He found no 
gross enlargements of the gland, but mild hyperplastic changes 
were visible microscopically. When calcium chloride was added 
.to the same diet the size of the thyroid increased markedly, and 
pronounced acinar hyperplasia and loss of colloid were readily 
noticed. These results differ greatly from those of Cole, Wo-
mack, and IUlet-1931 (already described}. In addition to the al-
ready mentioned findings it was also Gbserved that ten times the 
physiological requirements of iodine when added to the calcium 
rich diet will produce a colloid goiter with mild epithelial 
proliferation. Thus it seems that colloid goiter can be produ-
ced in white rats by a diet containing a positive goiterogenic 
agent together with an iodine supply which is higher than the 
physiological optimum (Hellwig-1934). 
The effects of inanition on the thyroid gland have also 
been.investigated. One of these studios, on a dog which had been 
subjected to a few days inanition, showed the thyroid gland to 
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appear very different from the norical. 7he cella appeared swollen 
rather than proliferated, and in some cases tho vesicles were 
~ filled with cells. The vesicles appeared shrunk, as3umed many 
shapes, and much interveaicu1ar material was observed. The gene-
ral structure appeared as if the gland hnd been roughly squeezed 
so tha~ the vesicles were any shape but spherical. This experi-
menter (Thomyson-1911) claimed that the change brought about by 
inanition seemed to make the structure of the thy1•oid tend to-
ward3 that of the parathyroid. A study of inanition in rats re-
vealed that the changes wrought in the tl~roid gland were varied. 
In young rats held at maintenance for several weeks (and hence 
-\ 
in a condition of chronic inanition) the follicular epithelium 
was atrophied with a reduction in height. The nuclei were usual-
ly in some stage of pycnosis, and in extreme cases the nucleus 
became fragmented (karyorrhexis}. In no cases were mito3ts or 
amitoses observed. The cytoplasm though usually reduced in am-
ount often showed no structural obangee. Dissolution and disin-
tegration of the colloid accompanied advanced stages of degener-
ation of the follicular epithelium. It was also noticed that the 
colloid was often replaced by desquamated epithelial cells ib 
various stages of degeneration, and at times the entire follic-
le collapsed into an irregular mans. The interfollicular con-
nective tissue undergoes but little change although it may in-
crease in volume by an infiltration of ground subotance, len-
ding a somewhat edemic appearance. so, in spite of the atrophy 
of the parenchyma, the whole thyroid gland may show but little 
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loss in absolute weight. Chronic and acute inanition in older 
and more mature rata yielded similar results (Jackson-1916). 
f : Q,ui to nppropiu.te a.t this point are the observations of Bensley 
on degenerative appearances of the thyroid gland, such as have 
just been dencribed •••• ""£here are two circumstances which 
should be borne in mind in connection with these clmngea in the 
thyroid gland, ~hich frequently, I think, are responsible for 
similar changes in tissues which were nor~~l to start with, na-
mely : drying of the surface of the gland when adequate care is 
. not taken in transferring to weighing bottles; and pinching with. 
forcepn in the process of extraction. The latter frequently ini-
tiates a rapid change in the cell which is marked by acid reac-
tion to indicators, and by greater affinity for basic stains in 
the fixed preparation with loss of characteristic structure of 
the nu.clcua." (quoted from Jackson-1916}. 
Another study of the effects of starvation on the thyroid 
gland revealed no significant alterations in the gland. Rats 
were subjected to twenty-four hours of starvation, and some were 
then given a large meal. The thyroid weights of the starved con-
trols were no different from thoae which were fed. The rats 
were alao subjected to exhauntion testa; they were put in a 
cage built like n ferris-wheel and were made to exercise. Once 
again no thyroid changes were observed. {Andersen-1935). 
HYgienic conditions as well as diet can produce changes in 
the thyroid gland. A standard diet of bread and milk given to 
an adult rat kept under unhygienic conditions brings about a 
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marked hyperplasia. A high protein diet and hygienic conditions 
bring about a similar condition. As would be expected from these 
facts, a combination of unhygienic conditions and a high pro-
tein diet produces a higher degree of hyperplasia of the thyroid. 
Young growing rats kept under hygienic conditions and fed a 
high protein diet will not develop thyroid hyperplasia. (J3urget-
1917). 
The problem of the influence of rest and exercioe on the 
thyroid glnnd is a most interesting one, and has already been 
touched upon. A study by Donaldson and Meeser in 1932 showed 
that exercise caused most organa of the albino rat to become 
larger, b~t the thyroid and liver were less enlarged than in the 
controls. This was found to hold for both sexes. This investi-
gation was carried through seven generations, and the authors 
concluded that there was no cumulative effect of exercise from 
generation to generation. Another series of experiments by the 
same people further brought out that older rata responded in a 
manner much like that of younger rats. 
Rabbits in which exhaustion was induced showed histologi-
cal changes in the thyroid gland which were quite pronounced. 
The n:.liilber of mitochondria was markedly reduced; the nuvlei ap-
peared swollen and the decreased chromatin was clustered along 
the nuclear membrane. The cytoplasm appeared clearer than that 
of the controls r.hile the free borders of the cells were more or 
less !regular. (Bast, Supernaw et al-1928). 
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One of the mo~t interesting and yet most intricate phases 
of thyroid study is ~hat dealing with the effects of the pitui-
tary gland on the thyroid. In order to ma~e the presentation of 
this subject a little more comprehensible it might be well to 
first explain some of the background for this work. The field of 
experimental embryology has been of·great service in extending 
the knowledge of thyroid function. lien like Gudernatsch have been 
contributed greatly to the furthering of biological understanding. 
h Gudernatsch found that feeding tnyroid materialAamphibian larvae 
caus~precocioua metamorphosis and results in a complete minute 
adult. This has been verified by many others and this phase of 
thyroid function has become accepted as factual. Close inspect-
ion did reveal however, that although the individuals are appar-
ently miniature adults in all respects, the germ·cells and go-
nads are like those of a regular larva {Swingle-1918). 
Further embryological studies revealed that when the amphi-
bian pituitary was removed from larvae, the thyroid refused to 
function. That is, metamorphosi~and development fails/to conti-
nue. The rest of this section is devoted to a consideration of 
some of the work that has been done in an effort to determine to 
what extent, and just how, the pituitary gland exerts ita effects 
on the thyroid gland. It has been fairly definitely established 
~ that the part of the pituitary gland that is involved in thyroid 
l 
function i~ the anterior lobe (Allen-1919,1925; Smith-1930). 
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Considering first the thyroid of amphibia, the work of 
Uhlenhuth and Schwartzbach (1927) is important. They described 
the function of urodelan thyroids as being two phased. One- the 
elaboration of the active secretion product of the thyroid, the 
colloid, in the thyroid cells, of the excretion of the colloid 
from the cells into the lumen of the follicles and the storage 
of the colloid within the follicles. Two- the excretion of the 
colloid from the follicles into the blood stream. Using larvae 
of ~mblystoma tigrinum, they found that anterior lobe powder 
greatly accelerated the metamorphosis. The pituitary extract that 
. ~ 
is used apparently plays an important role for one set of experi-
ments with the Colorado axolotl showed that one preparation of 
anterior pituitary substance retarded the metamorphosis (Smith 
and Smith-1922). With a different pituitary extract·the same 
anireal underwent an accelerated metamorphosis. 
The rau of metamorphosis, which is affected by anterior pi-
tuitary, is dependent to a certain extent upon the initial dose. 
The response to anterior pituitary stimulation is lowered by al-
cohol and by potassium cyanide, and with no disturbing factors, 
will increase with age. Under narcosis the anterior pituitary 
treatment will produce normal rates of change, while prolonged 
narcosis will reduce this ra~e. Such were the findings of one 
r experimenter who worked with tadpoles (Spaul-192?). 
These effects have been accomplished by injections and 
feeding of the pituitary substance, but transplantation has also 
been effective. Adult frog anterior pituitary tissue when trans-
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planted into ~he larvae of Rana clamitans produced the usual 
changes leading to metamorphosis,- starting wi t,h an accelerated 
growth of the limbs and including protrusion of the eyes, develop-
ment of frog type jaws, shortening of the inte:stine and atrophy 
of the tail. Inapec~ion of the thyroid gland +evealed that cer-
tain thyroid changes took place• There was a loss of colloid from 
the follicles, an increase in the amount of chromophobe secretion, 
changes of the epithelial cells from flat to columnar and colloid 
;, 
vacuoles were visible in the cells. These changes clearly indi-
cate an increased activity of the gland. Similar results can be 
obtained by the implantation of immature frog pituitary but they 
are not as rapid or as marked (Ingram-1929). A more analytical 
investigation on ~he behavior of the Golgi apparatus under these 
conditions was also performed. In small relatively inactive thy-
roids the Golgi apparatus is small and delicate, a simple network 
or looped filament usually situated close to the apical pole of 
the nucleus. Activation of the thyroid by the anterior pituitary 
transplant caused the Golgi bodies to increase in size.in pro-
portion to the size of the cells, forming a very large complex 
network with ramifications extending throughout the apical por-
tion of the cells, in close relation with secretory droplets -
(Ingra.m-1930). 
Before considering the effects of the anterior, pituitary 
\ 
on the warm blooded animals it might be well to com'P·.~~.e the 
I \ ·-
effects of pilocarpine and adrenalin on the amphibia ~·~d the 
I' 
higher animals {already discussed). The salamander is!Unaffected· 
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by these and it is suggested that eiLher the autonomic system 
(nervous) is not involved in cold-blooded animals, or else the 
~utonomic system does not respond to these drugs in the same way 
as it does in warm-blooded animals (Uhlenhuth and Schwartzbach-
1927). 
:. study of the effects oi~ tl1e pituitary on t11e thy.roid of 
the duck revealed that daily injections of a. fresh naline sua-
pension of bovine anterior pituitary gland induced in the thyroid 
of the young duck a·marked and prompt increase in weight. The 
effect was noticed as early as twenty-four hours after treatment 
and became str6nger with further treatment. In the earlier stages 
there was a complete excretion of all the colloid and an increase 
in the height of the epithelium. Then pycnonis, desquamation and 
mitoses occurred. LP.ter some colloid formed again and the epi-
thelium became high columnar, forming hyperplastic molds and pa-
pillae. J!any 'chromophobe resorption vacuoles• were found at the 
inner protruding pole of the epithelial cells. After three weeks 
of treatment the vesicles became very large and filled with pale 
granular colloid. Theheight of the epithelium and the hyperplasia 
decreased revealing symptoms like those seen in Basedow's disease. 
The iodine content of the thyroid kept dropping and only one week 
after treatment was one-twentieth of that of the control animals. 
(Schockaert-1932}. HoweTer, in young male ducks it ·na~ noticed 
.. \ 
that the iodine content was as low after a week of t\re~~ment as 
\ 
it was after five (Schockaert and Foster-1932). Exophthal~os, 
' \ 
' loss of down and increased heart weight suggest that these phe-
nomena are due to the excreted amounts of iodized thyroid sub-
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stance, and indicate un endogenous hyperthyroidism. 
An excellent treatment of thio entire subject has been made 
by Rowlands-1935 (154). Some of his observations are : 
1) The weight of the thyroid of the normal anoestrus ferret of 
both sexes is approximately half that of the oestrus ferret, but 
there is little histological difference. 
2) Hypophysectomy during oestrus or anoestrus decreases the 
weieht of the thyroid of the ferret to a level slightly lower 
than that for the normal anoestrus ferret. 
3) In the hibernating hedgehog the thyroid becomes hypotrophio 
and a similar condition is brought about by hypop~sectomy. 
~} 2io change in we i.ght of 'the thyroid of the guinea-pig is no-
ticed following hypophysectomy but atrophy of the vesicular epi-
thelium and distention of the vesicles w;ith non-vacuolated col-
loid is regularly observed. 
The regeneration of thyroid tissue is greatly impeded by 
the administration of anterior pituitary oubotance {Gray-1929; 
;{cCordock-1929). Uost of the work in this field was done with 
guinea-pigs and it was also found that potassium iodide has just 
the opposite effect on the regeneration of thyroid tissue. 7he 
anterior pituitary substance produces a hard colloid and a. flat-
tening of the acinar cells. ·rt has been able to balance perfectly 
the opposite reactiom; of these substances on the thyroid gland 
so that the latter would remain unaffected. One ntudy on the ef-
fect of small doses of potassium iodide on the thyroid gland re-
vealed that the daily feeding of .0001 grams to ~uinea-pigs does 
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not increase the number of mitoses and does not affect the struc-
ture of the thyroid gland. The feeding of doses of .001 grams 
daily to the guinea-pigs produces only a slight increase in the 
number of mitoses but o.therwise a histologically active thyroid 
gl~.nd. The feeding of .ol·gram doses stimulates the thyroid in 
ull phases of histological activity {Gray and Rabinovitch-1929). 
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-3ffects of Tgyroid Secretion on the Invertebrates-
Although the thyroid gland is a structure peculiar to the 
vertebrates, much speculation has been aroused concerning the 
potentialities of this gland and its secretion in its possible 
effects on the animals in the lower divisions of the biological 
scale. However, the actual work that has been done in this field 
io still very meagre, and the results of much of this work re-
quires corroboration and further interpretation. 
Because this group is lowest in the animal scale, and be-
cause it is most expedient to see the effects of thyroid secre-
tion on single cells before proceeding to more complex organisms, 
the first animals to be considered will be the protozoa. As far 
as I have been able to ascertain, the e~rliest work in this 
field of study was carried on by I:owikoff in 1908. By putting 
sheep thyroid into the medium in which Paramoecia were dwelling 
he noticed, as one of the effects, an increase over the nor~al 
in the division rate. A later study in which the ciliates Para-
moecium and Stylonichia were used as subjects, revealed the same 
• 
results (Budington and Harvey-1915). 'l'he results in this experi-
ment were similar to those in the previous one, even though dif-
ferent animal thyroids were used: the fresh thyroid glands of the 
fresh water sucker, frog, turtle, chick and cat. 
A more detailed and accurate investigation wae conducted by 
Shuiowa~ in 1914 {163). He ra.n all his experiments with a pedi-
greed line of 420 generations of Paracoecium aurelia: i.e.- they 
I 
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were a~l.descend~nts of a 3ingle.specimen. It was once again a-
gain found that the division rate was increased, but when the 
line of animals was-nearing the end of it::5 cycle·the thyroid 
feeding failed to otimulate the division rate. The effect of thy-
roid feeding wa.s not permanent becc;.use after it was stopped the 
normal rate once aGain became the dominant one. As a check, thy-
mus material was also fed but the results were entirely negative. 
From these experiments it was suggested that the effect of the 
thyroid is primarily upon the metabolic activities of the cell, 
and that toward the end of the_life cycle some protoplasmic 
element necessary to digestion is lacking, thus inhibiting the 
effect of the thyroid secretion. 
Three years after this group of experiments the same inves-
tieator (Shumway-1917) did still rrore intensive work on paramecia, 
this time uning the species aurelia and caudatum. The thyroid 
substance was fed either as emulsion of raw thyroid or as a sus-
pen;;ion of the comr:iercial powder preparation. Increased division 
ra.ta:J ·~'1ere observed and the thyroid gland was found to be the only 
gland of internal secretion which produced this effect. The in-
crease in division rate was fairly constant, being about 65% 
greater than that observed in the common laboratory medium,-hay 
infusion. The reaction was the sa~e even when boiled thyroid was 
used while iodine an'd iodothyrin failed to produce the thyroid 
effect. As in the previous series of experiments, cessation of 
the thyroid feeding ca.uaed an immediate return to the normal rate 
of division. ~hough only suggested in the previous experiments, 
71 
( 
r 
it was here shown that the particles of thyroid are actually in-
gested and digested by the paramecia. The normal and the thyroid 
fed paramecia formed approximately equal numbers of gastric va-
cuoles in a give time; but the latter group showed profound dis-
turbances of the excretory system. The most pronounced and re-
markable of these was an increase from two to three contractile 
vacuolea. An interesting observation on the thyroid-fed group 
was the recognition of a highly vacuolated protoplasm, much the 
same as has been described for starved paratlecia. This condition 
was noticeable even during the periods of most rapid division, 
and it has been shown that these large vacuoles are to be con-
sidered ao non-contractil~ excretory vacuoles. The life history 
curves of the thyroid treated lines showed the same depression 
periods at the rJame time intervals as the control linea, and fur-
ther- the thy!oid produces the greatest acceleration of the di-
vision rate when the control line is dividing most rapidly, thus 
lending further support to the suggestion of the riecesoity of a 
certain protoplasmic element which iD lost towards the close of 
. 
the life cycle. In closing Shumway postulates " ••• the results of 
thyroid feeding here noted are due to the presence of a remar-
kably stable hormone which may be classified among the 'dissimi-
latory' hormones." 
Directly opposed to this line of research are the experi-
ments in which thyroxine, instead of thyroid ~aterial, has been 
used a3 food for the para~ecia. The findinga have shown that in-
stead of an increased division rate, un produced by thyroid ma-
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terial, thyroxine causes a decrease in the -rate of division. 
The response to the thyroxine treatment is prompt and defi-
nite. A slight decrease in the division rate takes place, and 
though in many cases this decre_ase is negligible, the reaul ts 
are markedly different from those obtained by the previous in-
vestigators like Shumway. However, the excretory system is af-
fected by the thyroxine as well as by the thyroid material. In 
one investigation it was found that an increased rate of pulsa-
tion of the contractile vacuoles, an increase in the number of 
accessory canals, and a great decrease in the number of excretory 
crystals in the endoplasm occurs (Riddle and Torrey-1922). Soon 
after this an experiment was conducted in which dissolved thy-
roxine was used, and the results were the same as mentioned above 
except that the decrease in the rate of division was a little 
more pronounced {Torrey-1923).· Further studies brought out that 
the degree of division rate depression varied with the concen-
tration of the thyroxine doses {Torrey,'rtiddle and Brodie-1925). 
One experimenter compared the relative effects of thyroxine 
and thyroid material and found that faintly alkaline thyroid ex-
tract in hay infusion greatly increased the multiplication rates 
of Parawoecium putrinum. Equivalent amounts of thyroxine only 
slightly increased ~he rate of multiplication (Cori~l923). 
still another series of investigations revealed· that thy-
roxine, commercial desiccated thyroid, and fresh desiccated thy-
roid (of the turtle) all produced little alteration 1\n the divi-
sion rate of paramecia (Woodruff and Swingle-1922). 
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In drawing any general conclusions on this subject, it seems 
safe to as:Jert that the thyroid material and extracts must con-
tain some other substance or substances, besides thyroxine,which 
greatly accelerate -che multiplication rate of paramecia. It ap-
pears that thyroxine promotes catabolic rather than anabolic pro-
cesses, a view in accord vvi th th·e idea advanced by 3iedl that the 
active agent in the thyroid secretion is a dissimilatory hormone 
(Riddle and Torrey-1922). Another factor which may be involved 
in causing the difference~ between thyroxine and thyroid material 
is that the media in which the paramecia are kept contain suffi-
cient bacterial food supply to account· for the increase in the 
rate of division. This is also the contention of Woodruff and 
Swingle (1922), who obtained similar·results with thyroid material 
and thyroxine; they believe that •• "~ll the evidence from studies 
on paramecilm to the effect that thyroid products accelerate cell 
anabolism is erroneous.'' 
'rhe phylum Echinodermata served as a fairly fertile group 
/\ for extending our knowledge of the role of the thyroid amone the 
invertebrates. Specimens of both Asteroidae and.Echinoidae were 
used, and the experiments were carried on by G.S.Carter. His work 
on the starfish was done in 1935 and the specific\anima.ls he 
\ 
worked with were members of Asterias rubens L •• He 1 found that the 
unripe sperm is activated by treatment with thyroxi(ne, and that 
the fertilisability of slightly unripe eggs is impr\oved by treat-
i 
rncnt with thyroxine. Hipe eggs -:;ere unaffected. '.i'he\·:.,oxygen con-
sumption of slightly unripe eggs was temporarily in/:!~eased "\"11th 
i \ 
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thyroxine treatment; the oxygen conswnption of the ripel eggs 
~ remRined unaffected. It appears that thyroxine causes, or aooele-
i 
rates, an oxidative reaction in the unripe eegs, which is at 
least in part, responsible f~r the improvement in fertilisabili-
ty. It was shown that iodine compounds play a part in the ferti-
lisation of t}le starfish egg, which is in many respects similar 
to th~ part they play in the fertilisation of the sea-urchin egg. 
The sea-urchins studied were Echinus miliaria and Zchinus 
escul'entus {Carter-l930,193la,l93lb}, and it was observed that 
the activity of the spermatozoa of the former (as reflected in 
their consumption of oxygen) is modified by the presence of egg-
secretions in the water in which they are active. In clean sea 
water the sperm activity begins to decrease immediately; but,in 
the presence of egg-secretions the high rate of activity conti-
nues for several hours. Similar stimulatory effects are obtained 
with thyroxine, ao well as with substances similar to it. Sper-
matozoa of 3chinus esculentua showed reactions essentially like 
those of miliaria.· The fertilisable egg's life (either species) 
is prolonged when thyroxine is present in the oea water in whioh 
these eggs are being washed. The fertilioable life. under these 
conditions, is of approximately the same length as that of eggs 
which are aerated in a small quantity of sea wat.er. Des-iodo-
~~-~-------~---------------~-
1. 3y ripe is Incant the condition of the egg or sperm as it is 
normall~r laid by the animal. 
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thyroxine and free iodine also prolong the fertilisable life of 
the eegs; but the prolongation is much lesa than that produced 
by thyroxine. 
From all these experiments Carter concluded " ••• the compo-
nent of the secretions which is essential to the activation of 
the eJg can be replaced by thyroxine, and is therefore the same 
as the component which produces effects similar to those of thy-
roxine on the oxygen consumption of the sperm. It is also con-
eluded that it is possible and probable that this substance,be-
aidcs being similar to thyroxine in physiological action, is 
related to it in chemical structure." 
7he dispute that arose over tho claims of the accelerative 
effects of the tr~roid on paramecia was extended to the echino-
' 
dorms. The sea-urchin Echinometra. as well as the a.scidian ?r...o.l-
lusia were oubjeoted to thyroxine treatments. The results ob-
tained for both of these were similar, and so they can be treated 
together. It was found tha.t thyroxine retards both cleavage ro.te 
and· differentiation of the eggs of these opecies. The effect 
varied with the degree of concentration of the thyroxine, and it 
was claimed that these effects were not primarily due to the io-
dine in the thyroxine molecule. 'l'his worker (Torrey-19.28), be-
cause of his varied experiments concluded that since thyroxine 
r ( depresses cell divioion in such widely different organisms as 
Paramecium,Echinometrn and Phallusia it is possible that it is 
a depressant of cell division throughout the animal kingdom. 
l!ost work und energy, hoivever, has been devoted to that 
?6 
group of animals known as insects. Northrop in 1917 published the 
l- 1 results of his work on the food of insects. He worked with Dro-
sophila and found that the thyroid tissue of the dog was not suf-
ficient food for them. 
In 1919 Abderhalden irrigated Euphorbia plants with 1% thy-
roid extract and noticed that the caterpillars of Deilephila 
euphorbiae, which fed on these plants, were »zum Teil auffallend 
klein". Romeis and v.Dobkiewicz (in 1920), in their studies of 
the larvae of the flies Calliphora vomitoria, which they fed on 
thyroid material, found that pupation occurred later than in the 
controls. The weight of both groups, however, was about the· same. 
Kahn, a year later, concluded from his experiments that in Core-
thra plumicornis, Ecdyurus forcipula and Tenebrio molitor neither 
the human thyroid nor the preparation "Jodalb-acid" has any in-
fluence on the metamorphosis of their larvae. 
An interesting and well conducted experiment was that of 
Kunkel in 1918. He worked with flesh flies ?ecause they undergo 
complete metamorphosis, and they can serve as examples of ~he 
group .of animals which lack thyroid glands, or organs comparable 
to them. They also o~cur very abundantly in nature and can be 
reared rather easily. Uost important of all, to the investigator, 
was the fact that the larvae of these flied consumed ductless 
glands with apparent pleasure and benefit. The species used were 
Lucilia caesar, Lucilia sericata, Calliphora erythrocephala and 
a species of Sarcophaga (probably sarracena). Thyroid and thymus 
were fed in preparations freshly acquired from slaughter houses 
77 
I 
1 
while the controls were fed on approximately equal amounts of 
muscle. The results of this experiment seem to indicate that 
Lucilia larvae fed exclusively on mammalian thyroid are retarded 
slightly in their growth. The resul ti.ng pupae are therefore 
smaller in size. Thyroid feeding likewise tends to hasten the 
onset of, and shorten the duration of, the period of pupation. 
Kopec in 1926 studied the effects of thyroid feeding on the 
c~'terpillars of Lymantria ·dispar L •. in order to determine the 
possible relations betwe~n the thyroid arid insect metamorphosis. 
Gedroyc attempted to attack this problem by-studying the effects 
of organic and inorganic compounds of iodine on metamorphosis. 
His work was scanty and hence net too reliable. The more careful 
study of Kopec revealed that the administration of thyroid to 
caterpillars of 'LYmantria dispar L. did not cause any change in 
the duration of the larval or pupal periods. The only effect he 
noticed was a distinct diminution,· of the weight of the chrysa-
lids.· It was shown that Lugols' solution (potassium iodide and 
iodine) had no distinct influence on the rate of pupation of the 
caterpillars of Piero br.assicae L., and its only effect was the 
negative change in pupal wide}1t. The mortality of the 'thyroid' 
as well' as of the 'iodine' specimens was not larger than in the 
. 
control group. This investigator was well aware of his own 
~ meagre contribution, as he was of the work of most other inves-
t 
tigators. In spite of the obvious incongrUities and arguments 
that were bound to arise, Kopec believed (in spite of the nega-
tive evidence of this experiment) that his hYpothesis on the. 
hormonal influence exerted by the brain on insect metamorphosis, 
• 
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still holds. 
Two Japanese workers believe that the confusion and failure 
of these insect workers is due to their failure to carry their 
experiments through the second generation- thus not giving the 
thyroid autocotia Cfu~nce to work. 
These two men {Terao and ~akamori~l924) worked with the silk-
worm and the following is a brief resume of their work. They fed 
their animals mulberry leaves which were sprinkled with Parke-
Davis thyroid, in ratios varying from one-fiftieth to one four-
hundredth. the weight of the diet. No acceleration to metamorpho-
sis was noticed. On the other hand, the more thyroid given the 
more slowly the worms developed. The experimental animals were 
smaller than the controls, roughly in reverse proportion to the 
amount of e~tract. However, the 'thyroid' animals laid nearly as 
many, or decidedly more,eggs as the controls. All this was done 
on and with the first generation. The thyroid animals of·the 
second generation were reared with the second generation controls, 
and from there on the development of the thyroid specimens is 
accelerated, and is attributed to the thyroid autocoid contained 
in the egg- whatever so s~all an amount it may be. Acceleration 
here, though inferior, is similar to results gotten by such men 
as Gudernatsch, on the tadpole, and is the goal the other insect . 
workers were probably striving for. As in the tadpoles whose 
.. 
growth is accelerated, we get the tremendous growt,h of the gonads-
\ 
the condition in these worms is much the same. The'. silk gland 
\ 
attains a greater maturity in the thyroid-fed worms\ and these 
\ 
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worms laid more silk than did the controls. 
-Effects of Thyroid Secretion on Vertebrates-
These are varied and include in addition to thyroxine ef-
fects, ·the effects of thyroid materials and preparations. Also 
1t might be pertinent to mention that .this section contains 
mainly,descriptions of the effects of thyroid secretion on or-
gans and organ .systems of vertebrates as well as descriptions 
of entire animals. An arbitrary start in this field will be made 
with a consideration of the effects of t~roid on birds. 
Fresh sheep, horse, cattle thyroid, Parke-Davis preparations, 
lumps of desiccated gland and t~roxin when given to fowl, all 
had similar effects. In a short time moulting resulted which all 
but stripped the fowl bare. Striking symptoms of hyperthyroidism 
were evident. The thyroid feeding also resulted in depigmenta-
tion of the feathers in twenty-five to twenty-seven days. The 
hyperthyroid symptoms demonstrated were increased excitability, 
polyphagia, polydip.sia, and nervous disturbances which varied 
with the doses. Among the neuropathological changes were incoor-
dination, convulsions and general stupidity. The larger the do-
sage of thyroid, the more albino-like were the feathers (Zava-
dowsky-1925a). Others have obtained similar results and from 
all of the studies that have been made iL seems safe to conclude 
that the thyroid gland plays a specific rBle in the regulation 
of the growth and moulting of feathers and in thei:r pigmentation. 
One experiment was done which tends to strengthe~ the idea that 
the thyroid acts more sensitively to produce depi~mentation 
I 
rather than moulting. Dog thyroid glands were.graf~ed in fowls, 
\ 
\ 
i\ 
\ 
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and the feathers at the site of the operation became whitened, 
but moulting ~id not occur (Za.vadowsky-1925b). Another investi-
gator found a difference in the reaction of young and old birds. 
Excessive thyroid doses caused rapid regeneration of depigmented 
feathers in mature birds. Depigmentation of growing feathers,fol-
lowed by an increased melanisation, giving a white and black bar 
was noticed in the feathers of young birds (Hosker-1936). 
The thyroid gland exhibits its effects on all parts of the 
body and it might be advisable to devote some space to the more 
important organs and systems. 
The cardiovascular system is affected by various thyroid 
conditions. In 1895 SchSefer saw that an intravenous injection 
of thyroid extract lowered th~ blood pressure and caused a marked 
dilatation of the peripheric blood vessels. This has been verified 
many times since and the general conviction is that the thyroid 
produces vascular hypotension. ~mny theories have been offered 
to explain thin butthey are not within the realm of this thesis. 
According to Haskovec, thyroid secretion acts on the heart and 
causes marked tachycardia (Crotti-1918). The frequency of cardiac 
trouble in goiterous patients is not too rare; on the other hand, 
cardiac troubles such as congestive heart failure and angina pec-
toris are only temporarily relieved after thyroidectomy (Clai-
borne and Hurxthal-1937). These men also believe that there are 
but few cases in which the operation of total thyroidectomy is 
justified to relieve cardiac disorders. Hammett's study on growth 
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of ~he various organs of the rat and his studies on the heart 
J and lungs revealed that thyroidectomy resulted in a general 
"T 
j growth re~ardation. This was due to the dependency of the heart 
1 
l 
and lungs on the effectiveness of the growth processes as a 
whole, the which is lowered under the experimental conditions. 
Hence the. conclusion is that the growth of these organs is not 
related to thyroid function. (Hammett-1927c). Soon after com-
plete thyroidectomy in animals a marked anemia takes place;leu-
cocytosis occurs due to the diminution of the red blood corpus-
cles. 'l,he belief, once prevalent, that the thyroid gland was a 
~t heruRpoietic organ~ originated because of this. The blood serum 
of thyroidectomized animals possesses toxic properties, and ac-
cording to Bianchi, Jacobi and Wassermann its bactericide power 
is diminished. Thi!' explains why insufficiency of the thyroid 
predisposes to infections. (Crotti-1918). 
•, 
The ~sseous system is also markedly influenced by the ac-
tion of. the· thyroid gland. A very careful study of thyroidless 
tadpoles revealed that the development of this system was mar-
kedly retarded. The process of ossification ia slowed down,and 
at times stopped completely. Calcification, however, did pro-
gress in spite of the thyroid deficiency. (Terry-1918). The ver-
tebrae, in particular showed n complete lack of ossification. 
The bones of thyroidectomized animals are on the average one-
third smaller than normals. Also the slow repair of certain frac-
tures and other osseous repairs have been explained on the ba-
sis of thyroid deficiency. (Crotti-1918). The growth response 
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of the humerus and femur of rats with thyroid deficiencies show 
that the growth retardati~n of these structures is largely de-
termined by the general slowing up of the body growth as a whole 
rather than by a specific action of the thyroid (Hammett-1927b). 
Seven sheep thyroidectomized at one month of age revealed that 
disturbances in the proper growth of the skull occurred. Defects 
were apparent in delayed tooth eruption and interference with 
facial growth. The upper jaw exhibited defective growth in maxil-
lary tuber and still more in the anterior region of the maxilla. 
The defect in frontal and nasal bones and in the frontal process 
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of the maxilla appears to leave the respiratory region incompletely 
unfolded. The net result of the various malformations is a 
cramped ill-developed snout, a 'juvenile' steep forehead and an 
upcurving of the hard palate. There is no defect in the growth 
of the brain case proper, or of tne orbit and very little in the 
hafting zone(deeper orbit a~d palate-pterygoid). The occipital 
area undergoes some superficial defect secondary to the facial 
deformity. The defective growth did not follow any set pattern 
or time schedule {Todd and Wharton-1934). 
The liver, kidneys and spleen were studied by Hammett -
(1927d). As in the other work of his that has been described, 
there was no specific relation to the thyroid but the retarda-
tion was a result of the slowing up of the general growth pro-
cesses. He did find, however, that. the kidneys and spleen of 
the male rat were less retarded by thyroid removal than were 
-· 
those of the female. No consistent sex difference was observed 
. --- --- _:_,__. ___ .:____ __ ------'--"' 
in the liver response. The isolated gall bladder of the guinea-
pig is in no way.affected by thyroxin or insulin. (Ivy-1934). 
Careful observations on the growth of the eyeball revealed 
tha.t it is but slightly retarded by thyroid deficiencies. It is 
apparently independent of body growth factors, and one explana-
tion .tha~ has been offered is that ~he' chemical constituents of 
the organ which muke up a large part of its mass exhibit inher-
ent metabolic stability. The high resistance of the eyeball is 
essentially like that of the central nervous system. (Hammett-
1926, 1927f). 
Modification of the urine- the quantity of the urine is di-
minished in myxedema. The toxicity of the urine is probably due 
to the same leukomain found in the blood of thyroidectomized a-
nimals. Total thyroidectomy causes a noticeable decrease in the 
phosphorus excretion of the urine. Albumin is sometimes found 
in great quanti ties ~fter comple_te thyroidectomy, but Corronedi 
claims that albuminuria is caused by the fact that with the thy-
roid the parathyroids had been simultaneously removed, ·and that 
albuminuria is a symptom of parathyroid insufficiency and does 
not occur when the parathyroids are left uninjured. The ammonia 
output in the urine increases greatly in thyroidectomized ani-
mals even beyond what is observed in s·tarving animals.Thyroid 
tissue fed to normal animals causes ·a slight increase in the 
urinary nitrogen excretion, but this stops when the thyroid 
feeding is terminated. Small doses apparently exert as strong 
an influence as large ones. (Crotti-1918). 
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Thyroid deficiency conditions an increa.aing ' degree of re-
tardation of submaxillary growth with an increase in age at the 
time of thyroid removal, and as in the case of the heart and 
lungs, the retardation is a result not of specific thyroid ac-
tion but the growth processes of the body as a whole. (Hammett-
1927e). 
The administration of thyroid substance as well as of po-
tassium iodide does not lead to a rise in the proliferative ac-
tivity of the epidermis or to an increase in the number of epi-
dermal cells. It appears that instead they may cause a lowering 
of the proliferative acti-vity and the number of cells. Hot quite 
complete thyroidectomy seems to indicate an increase in the pro-
liferative activity and the number of epithelial cells. (Loeb, 
Haven et al- 1930). 
Thyroxin administration accelerates the rate of atrophy of 
denervated muscle, and the belief is that this is accomplished 
by the action of the thyroxin in accelerating catabolism. Thyra-
parathyroidectomy caused a loss in weight of denervated muscle. 
such were the findings of Hines and Knowlton-1934, who conducted 
their experiments with rats. They concluded •••• "thyroxin.is ac-
tive in skeletal muscle deprived of a nerve supply" and has a 
direct influence on muscle cells. 
Cases of thyroidectomy or hypothyroidism show an increase 
fl in adipose tissue, while in hyperthyroid cases adipose tissue 
is decreased. (Crotti-1918). 
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The thyroid gland of sexually mature guinea-pigs increased 
in proliferative activity during the first week following thy-. 
roid study after gonadectomy. Among the changes noticed was an 
increase in the number of phagocytes invading the colloid of the 
acini without undergoing early degeneration. These changes were 
less :definite in young immature animals. The stimulation of·the 
thyroid by this means was moderate and comparable to the effects 
obtained by the administration of iodine rather than to the 
stimulation effected by optimal amounts of anterior pituitary 
extracts. These investigators state, "The removal of the folli-
cular hormone from a female guinea-pig not only sets into action 
a specific mechanism leading to an increase in the follicular 
growth and maturation-ind~cing hormone, but also induces.an in-
creased production of the separate thyr-stimulating hormone in 
the anterior pituitary. 1'his second process represents a non-
specific effect of gonadectomy on the anterior· pituitary gland."-
(Kippen and Loeb-1936}. 
However, according to another study, the thyroid gland is 
not too closely related to the reproductive system. Four female 
mature monkeys were ovariectomized and ten days after this pro-
cedure thyroidectomy w~s performed. Theelin was then used to in-
duce menstrual periods and the results showed that the threshold 
of ovarian hormone (theelin) required to induce menstruation in 
these animals was not affected by any degree of thyroid ablation. 
(Burford, Allen, and Diddle-1936). 
Age ia·another factor which in part determines the reaction 
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of the thyroid on other structures. Thyroxine doses given to 
immature rats slowed down the growth rate while similar doses , 
which were given to adu.lts,caused rapid loss of weight and in 
many cases death. In both old and young hyperthyroid rats the 
creatine content of the myocardium in greatly reduced, but the 
younger are apparently able to withstand the losses better. A 
diminution of the creatine content of skeletal muscle and an in-
crease in the testes was also noticed,- in both young and old 
rats. (Eodansky and Duff-1936). Discontinuation of thyroxin ad-
miniatration, these observ~rs found, permits the creatine con-
centration of the ventricles to return to normal in one to two 
weeks. The young rats when relieved of thyroxine treatment exhi-
bited a growth rate much faster than that of the normal rat. 
The salamander deprived of proper thyroid secretion is mar-
kedly influenced. The entire body is affected in some way. For 
example, the red pulp of the spleen is decreased and necrotic 
tissue may form, the arterioles of the glomeruli of the kidn~ys 
are enlarged with evident disturbance in the secreting and col-
lecting tubules, and gonadal tissue becomes completely disor-
ganized. (Taylor-1936). Because of.his investigations this au-
thor in of the opinion that the thyroid principle does not af-
fect the oxidation and respiration of each cell, but that the 
lowerin~ of the basal metabolic rate which accompanies the thy-
roidless state may be due to a lowering of the sensitivity of 
the tissues and to disturbances in the cxocrin glands, particu-
larly those associated with the digestion and assimilation of 
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food. Further studies have strengthened his belie~ (~aylor-1937}. 
. ' 
The effects of thyroid materials on single cells have already 
~ 
1 been discussed in the section devoted to effects of thyroid se-
cretion on protozoa. 
There l1ave also been other studies $hich have attempted to 
ascertain the effects of the thyroid on the entire organism.one 
of these, (Cohen-1935), concentrated on the reproductive and 
associated organs of the rat. Seventy-five male rats, ranging 
from three to fifteen weeks in age were fed thyroid powder daily 
for several weeks. The weights of the testes, seminal vesicles, 
and prostate adrenal and pituitary glands were then determined 
and i~ was found that there was an increase in the weights of 
the testes, adrenals and pituitary. The weights of the prostate 
glands and seminal vesicles were less than those of the controls. 
The experimental animals were all able to reproduce healthy lit-
ters regardless of when the thyroid feeding was begun. Histolo-
gicn.lly the testes, seminal vesicles and prostates appeared nor-
mal. The anterior pituitary glands of the experimental animals 
sl1owed an increase in the number of basophilic cells. This was 
also found by others (Severinghaus, Smelser and Clark-1934). A 
peculiar change observed was that in the mammary glands of the 
thyroid-fed male rata. Normally such tissue consists of masses 
with poorly defined lumina; cells are large with abundant cyto-
plasm usually showing some vacuolization. However in the thyroid 
· fed group little of this type of structure was observed. The cells 
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became rearranged about well-defined lumina of ducts; the amount 
of cytoplasm became reduced, as evidenced by the more crowded 
condition of the nuclei. The significance of this finding is not 
within the realm of this paper. 
This apparent control over the mammary glands by the thyroid 
was investigated further in a study of ovariectomized rats. It 
was found that the mammary glands of the female rat could not, 
• 
by thyroid stimulation, be induced to grow. Combinations of 
· theelin and thyroid material were no better, the branching duct 
stage being as far as development proceeded (Weichert, Boyd and 
Cohen-1935). 
As has already been seen, the pituitary gland exerts con-
siderable influence on the thyroid gland, and the thyroid, in· 
turn, has been shown to affect the pituitary. One very careful 
investigation on this subject revealed that the_pituitary gland 
of .F!ana. pipiens continues to develop even when the thyroid is 
extirpated. The anterior lobe reaches a larger size actually and 
relatively, than does that of normal specimens. It is at its lar-
gest in proportion to body length in thyroidleaa animals(tad-
poles) that are of the same age as young sexually mature frogs. 
This study also revealed that the thymus gland continues its de-
velopment even when thyroid function is obliterated (Rogers -J.-
1918). 
In bringing this section to a close it would not be inappro-
piate to reiterate that the thyroid does produce changes in, and 
exerts effects on, practically all parts of the body, and apparen-
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tly also exerts some effect on the behavior of animals. An in-
teresting example of this last point is the influence of the thy-
roid on the conditioned response. Dogs were conditioned to rea-
pond to different metronome frequencies and were subjected to 
thyroid feeding. The periods of thyroid administration showed an 
improvement in the percentage of correct responses to both posi-
tive and negative stimuli while the control periods revealed a 
slump.l It was further observed that there was an increase in 
magnitude of conditioned and unconditioned responses during the 
thyroid periods. 
--~--~--~-~-~--~-~-------
1. Kleitman, Titelbaum-1935- Am. Jour. Fhysiol.- vol. 115.pp.l62-
16.7 .- ttEffect of 'rhyroid Administration on the Differentiating 
Ability of Dogs." 
• 
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-Interrelations of the Endocrines-
A careful and exhaustive treatment of this topic is a most 
difficult problem, but is not necessary for, in the development 
of the thesis, it has been impossible to exclude ~aterial on 
this subject. The following is offered merely to help round out 
the topic and to make the total concept a little clearer. 
liany have regarded the idea that the endocrine organs are 
• closely interrelated as a truism, and many still do. Some have 
even gone ao far as developing complicated charts to signify the 
influence of the endocrines on each other·. The belief that any 
change in the activity of the gland is compensated immediately 
by changes in other glands is not uncommon. Accurate statisti-
cal methods and studies show tha~ most of these complicated re-
lationships are purely mythical. Noteworthy exceptions are the 
pituitary-thyroid relationship and the pancreas-adrenal relation-
ship. (Hoskins-1929}. 
One interesting example of postulated relationship would 
not be amiss at this point. A study of the silver-grey Dorking 
Cock revealed the thyroid of a hen-feathered subject to appear 
myxedematous and cystic, and in ·general underfunctioning. The 
plumage condition is believed to be composed of the algebraic 
sum of the influence of the thyroid and the testis (Buchanan -
1926}. 
A more coordinated relationship between the thyroid and the 
adrenal glands has been noticed. Adrenalin caused a rise in 
oxygen consumption in normal animals, and thyroid feeding in-
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creased the reaction while thyroidectomy decreased the oxygen 
uptake. Desiccated thyroid fed to thyroidectomized rata caused 
n. return to the normal ~drenalin response. From these observations 
it was concluded that the medulla of the adrenal gland exerts its 
calorigenic effect largely th~ough the thyroid gland.l 
.However ·the roa.in difficulty in 4rawing any valid conclusions 
on this subjects rests on a complete understanding of the func-
tioning and secretions of the endocrines. Since so much is still 
vague, very little can be accepted conclusively. 
1. Barker, Fazikas and Himwich-1935- Am. Jour. Physiol.- vol. 
115, p. 415.- 11Metabolic Aspects of thyroid-adrenal rela-
tionships." 
( 
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-SUHUAH.Y-
7he thyroid gland; is one of the endocrine organs, and as 
such lacks a duct for the transport of its secretion. It is lo-
cated in the neck region and is an extremely vaocular orga.n.In 
most species it is a bi-lobed str~oture, though in birds these 
are sepa~ated. The thyroid is a structure peculiar to vertebrates 
and its homology with the endostyle organ of lower forms is un-
certain. The main nerve supply of the gland is ,through the sym-
pathetic system, and many believe that it functions tl~ough this 
system. It arises as an entodermal structure from the floor of 
the pharynx and the relation between the ultimobranchial body 
and the developing thyroid is not yet understoo4. Opinion is di-
vided as to whether or not the ultimobranchial body partakes in 
the formation of true thyroid tissue. 
The l1istology of the gland is described, and morphological-
ly is quite completely understood. Histological studies have 
failed to bring any.consensus of opinion regarding the mode of 
secretion in the thyroid gland. Tiwo main theories stand out. one 
is that the colloi.d of the lumina is a reserve secretion elabo-
rated above the amount required by the organism. The second view 
is that the colloid is a waste product of the secretion. 
The thyroid is an extremely labile gland and is subject to 
1J many changes which can be brought about by~ 
1- Temperature differences 
2- Degrees of light and darkness 
3- c~~nge of the seasons 
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4- Domestication 
5- Chemicals, narcotica and toxic agents 
6- Diet 
7- Infections 
8- Codliver oil (vitam1ns) 
9- Inanition 
10- Hygien~c conditions 
11- Rest and exercise 
12- The anterior pituitary gland. 
The thyroid gland also exerts considerable effects on var-
ious structures and organisms. The secretion of the thyroid has 
beel) shown to hn.ve some physiological influence on invertebrate. 
animals. Those considered in this thesis were : Protozoa, Echi-
no4ermata, Ascidians and Insects. The effects on vertebrate tis-
sues and structures can likewise be· tabulated.-
1- Moulting and pigmentation in birds 
2- Cardiovascular system 
3- Osseous system 
4- Liver,kidneya, spleen and gall bladder 
5- Urine modification 
6- Sub-maxillary glands 
7- Epidermis 
8- Muscle 
9- Reproductive system 
/1 10- Role of age in thyroid potency. 
It is thus evident that the thyroid gland exerts a great influence 
95 
on normal biological processes and is itself indispensable for 
the maintenance and proper functioning of vertebrate animals, 
· more particularly the mammals. 
In spite of the intensive work that has been done in this 
field, mUch is still unsettled, but it seems reasonable to as-
sume that continued research will greatly broaden the vista of 
our knowledge • 
• 
• 
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